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(54) Composition of polypropylene with propylene-butene elastomer 



(57) Disclosed is a polypropylene composition com- 
prising (A) polypropylene and (B) a specific propylene- 
l-butene random copolymer in a specific amount ratio. 
The propylene-l-butene random copolymer (B) is char- 
acterized in lhat: (1 ) the copolymer contains 50 to 95 % 
by mo! of constituent units from propylene and 50 to 5 
% by mo! of constituent units from 1-butene, (2) the in- 
trinsic viscosity, as measured in decahydronaphthalene 
at 135 *C, is in the range of 0.1 to 12 dl/g, (3) the mo- 
lecular weight distribution (Mw/Mn), as determined 
measured by GPC, is not more than 3. and (4) Ihe pa- 
rameter B value indicating randomness of the copotynv 



erized monomer sequence distrfcution is in the range of 
1.0 to 1 .5. Also disclosed is a polypropylene composite 
film comprising (I) a crystalline polypropylene layer and 
(II) a layer formed from the polypropylene composition, 
which is laminated on at least one surface ot the crys- 
talline polypropylene layer (I). The polypropylene com- 
position is excellent in heat resistance and low-temper- 
ature heat -sealing properties as well as in flexibility and 
impact resistance. The polypropylene composite film is 
excellent in not only heat-sealing properties, particularly 
low temperature heat-sealing properties, but also trans* 
parency, scratch resistance and blocking resistance. 
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Description 

FIELD OF THE INVENTION 

s The present invention relates to a polypropylene composition excellent in heal resistance and low-temperature 
heal-sealing properties as well as h fiexfoility and impact resistance, and also relates to uses ot the porypropylene 
composition. 

BACKGROUND OF THE INVENTION 

10 

Polypropylene has been heretofore widely used as a thermoplastic molding material having high rigidity, heat 
resistance and transparency. However, the porypropylene is poor in flexibfliy and impact resistance, so that in order 
to improve these properties, a soft rubber component have generally been added to the porypropylene. 

However, the addition of a soft rubber component to the polypropylene to obtain porypropylene compositions inv 
i5 proved in the flexibility and impact resistance causes a problem that the heat resistance of the propylene is deteriorated. 
Such polypropylene compositions are also desired to be improved in low-temperature heal-sealing properties. 

Accordingly, the aovent of propylene compositions excellent in heat resistance and low-temperature heat-sealing 
properties as wen as in flexibility and impact resistance has been desired. 

Crystalline porypropylene films are widely employed particularly in the field of food packaging because ot their 
20 excellent mechanical properties such as tensile strength, rigidity, surface hardness, impact resistance and cotd tem- 
perature resistance, optical properties such as glossiness and transparency, and food hygienic properties such as 
nontoxiciry and odorless properties. The crystalline polypropylene films shrink when heated to their heat-sealiig tem- 
perature, and hence it is difficult to heat-seal the tlfcns havhg a single layer structure. Therefore, the crystalline poly- 
propylene films are usually provided with a heat-eealing layer, which is generally formed from a polymer such as a tow- 
& density polyethylene or a propylene-ethylene random copolymer. 

The polymer for forming the heat-eealing layer is required to have, for example, the following properties: 

(1 ) The polymer can be heat-seated at a temperature considerably lower than the substrate (crystalline polypro- 
pylene film); 

30 (2) The polymer is excellent in heat-sealing strength and has no change of the heat-sealing strength with time; 

(3) The poiymer is excellent in bond strength to the substrate: 

(4) The polymer has transparency almost equal to or higher than that of the substrate; 

(5) The polymer can be stored without blocking; 

(6) The polymer does not adhere to bag making machines or fill-packaging machines; and 
35 (7) The polymer has high scratch resistance. 

However, the conventional heat-sealing materials do not always satisfy ail of these properties. For example, though 
the low-density polyethylene can be heat-sealed at a low temperature, it is poor in the heat-sealing strength and bond 
property to the substrate and easily adheres to the packaging machines or the like. 

<o The propylene-ethylene random copolymer satisfies the above properties (2) to (7), but does not satisfy the property 
(1). For example, a polypropylene composite fifcm having a heat-sealing layer of the propylene-ethylene random co- 
polymer has a narrow heat-sealing temperature range. Therefore, when the composite film is heat-sealed by means 
of an automatic packaging machine or an automatic bag making machine, the heat-sealing temperature must be strictly 
controlled, ft has been proposed to use a blend ot the propylene-ethylene random copolymer and an ethylene-a-oJefin 

<s copolymer as a heat-sealing material. However, this blend is poor in the transparency, though it is more improved in 
the low-temperature heat-sealing properties as compared with the propylene-ethylene random copolymer. 

The present Inventors have found that a propytene-1 -butene random copolymer having a propylene content ol 55 
to 85 % by weight and a heat quantity of crystal fusion (measured by a differential scanning calorimeter) of 20 to 80 
J/g has high transparency and good tow-temperature heat-sealing properties and thus is useful as a heat-sealing 

50 material Based on these findings, the present inventors have proposed to use, as a heat-sealing layer for a polypro- 
pylene film, a composition which comprises the propylene-1 -butene random copolymer and an isotactic polypropylene 
(Japanese Patent LaidOpen Publication No. 114887/1979). The heat-sealing layer formed from this composition is 
excellent in the low-temperature heat-seaBng properties and blocking resistance, but His a little inferior in the blocking 
resistance and scratch resistance to the heat-sealing layer formed from the propylene-ethylene random copolymer. 

ss The preseni inventors have aiso proposed, as a composite film of high heat-sealing properties, a composite film 
consisting of an isotactic prypropylene film and a heat-seafing layer formed from a composition which comprises 10 
to 40 % by weight of a propy lene-1 -butene copolymer and a crystalline propytene-a-olefin random copolymer (Japanese 
Patent Publication No. 42626/1986). 
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The polypropylene films described above are desired to have further properties such that the films are applicable 
fo high-speed packaging. Thus. Ihe films are desired lo have, lor example, not only improved low-temperature heat- 
sealing properties and hot tack properties but also improved slip properties and blocking resistance. 

Under such circumstances as mentioned above, the present inventors have studied polypropylene compositions 
s comprising polypropylene and a rubber component, and have found that use of polypropylene and a specific propylene- 
1 -butene random copolymer makes it possible to prepare a polypropylene composition excellent in heat resistance 
and low-temperature heat-sealing properties as well as in flexibility and impact resistance. The present inventors have 
also found that a polypropylene fihm having a heat-sealing layer made of the above-fnentioned polypropylene compo- 
sition has desired properties for applying to the high-speed packaging, such as not only excellent tow-temperature 
to heat-sealing properties and hot tack properties but also excellent slip properties and blocking resistance. Moreover, 
the present inventors have found that the specific propylene-1-butene random copolymer can be prepared using a 
specific metaltocene compound catalyst component. Based on these findings, the present invention has been accom- 
plished. 

is OBJECT OF THE INVENTION 

It is an object of the present invention to provide a polypropylene composition which is excellent h heat resistance 
and low-temperature heat-sealing properties as well as in flexibility and impact resistance. 

It is another object of the invention to provide a polypropylene composite film which includes a layer formed from 
20 the polypropylene composition and is excellent in not only transparency, low-temperature heat-sealing properties and 
hot tack properties but also blocking resistance and mechanical properties as scratch resistance. 

SUMMARY OF THE INVENTION 

25 According to the present invention, there is provided a polypropylene composition comprising: 

(A) polypropylene in an amount of 5 to 95 % by weight, and 

(B) a propylene-1 -butene random copolymer in an amount of 95 to 5 % by weight; 
said propylene-1-butene random copolymer (B) having the following properties: 

30 (t ) the copolymer contains 50 to 95 % by mol of constituent units from propylene and 50 lo 5 % by mo! of constituent 

units from 1-butene; 

(2) the intrinsic viscosity, as measured in decahydronaphthalene at 135 °C. is in the range of 0.1 to 12 dVg; 

(3) the molecular weight distribution (Mw/Mn), as determined by get permeation chromatography (GPC). is not 
more than 3; and 

3S (4) the parameter B value indicating randomness of the copolymerized monomer sequence distribution is in the 
range ol 1.0 to 1.5. preferably 1.0 to 1.3. 

As the polypropylene (A), preferably used is a random copolymer of propylene and an olefin other than propylene, 
which contains not more than 10 %.by mol of units from the olefin. 
40 in addition to the properties (1) to (4), the propylene-1-butene random copolymer (B) preferably further has the 
following properties (5) and (6): 

(5) the melting point Tm, as measured by a differential scanning calorimeter, is in the range of 60 to 140 °C, and 
the melting point Tm and the 1-butene constituent unit content M (% by mol) satisfy the following relation: 

45 

-2.6M + 1 30 £ Tm s -2.3M + 1 55; and 

(6) the crystallinity C, as measured by X-ray diffractometry. and the 1 -butene constituent unit content M (% by mol) 
satisfy the following relation: 

^ C2-1.5M + 75. 

The propylene- 1 -butene random copolymer (B) used in the invention can be prepared using an olefin polymeriza- 
tion catalyst comprising: 

55 (a) a transition metal compound represented by the following formula (1): 
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is wherein M is a transition metat of Group I Va, va or Via ol the periodic table, 

R 1 and R 2 are each a hydrogen atom., a halogen atom, a hydrocarbon group oM to 20 carbon atoms, a 
halogenated hydrocarbon group or 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containing 
group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group, 
20 r3 is a hydrocarbon group ol 1 to 20 carbon atoms which may be substituted with a halogen atom or a siBcon- 

containing group, 

R 4 is a hydrogen atom or an alkyl group oM to 20 carbon atoms, 

X 1 and X 2 are each a hydrogen atom, a hatogen atom, a hydrocarbon group ol 1 to 20 carbon atoms, a 
halogenated hydrocarbon group ol 1 to 20 carbon etoms. an oxygen-containing group or a sulfur-containing 
group, and 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group ol 1 to 
20 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin- 
containing group. O-, -CO-, -S-, -SO-. -S0 2 - t -NR*-, -P(R5)., -P{0) (R*h -BR*- or -AIR 5 - (R 5 is a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group ol 
30 1 to 20 carbon atoms); 

(b) 

(b-1) an organoaluminum oxy -com pound, and/or 
3S (b-2) a compound capable of reacting with the transition metal compound (a) to form an ion pair, 

and, optionally. 

(c) an organoaluminum compound. 

40 in the present invention, it is prelerred to use a transition metal compound (a) ol the above Iprmula wherein R 1 is 
methyl, and also a hydrocarbon group of 2 to 6 carbon atoms. 

The present invention further provides a polypropylene composite film comprising: 

(I) a crystalline polypropylene layer, and 
«s (II) a layer formed from the polypropylene composition of the present invention, which ts laminated on at least one 
surface of the crystalline polypropylene layer (I). 

In the present invention, the polypropylene composilion layer (II) is prelerably loaned from a polypropylene com- 
position comprising: 

50 

the polypropylene (A) in an amount of 5 to 50 % by weight, and 
the propylene- 1 -butene random copolymer (B) in an amount of 95 to 50 % by weight; or 
the polypropylene (A) in an amount of not less than 50 % by weight and less than 90 % by weight and 
the propytene-1 -butene random copolymer (B) in an amount of not less than 10 % by weight and less than 50 % 
55 by weight 

The polypropylene (A) is preferably a crystalline polypropylene containing units from propylene in an amount of 
nol less than 90 % by mol. 
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The intrinsic viscosity (2) of the propylene-1 -butene random copolymer (B) is preferably in the range of 0. 1 to 5 dl/g. 
The crystalline polypropylene layer [I] may be either unstretched or biaxiaBy stretched. 

DETAILED DESCRIPTION OF THE INVENTION 

The polypropylene composition of the invention will be described in detail hereinafter. 

The polypropylene composition of the invention comprises the lollowing polypropylene and the specific propylene- 
1 -butene random copolymer as described below. 

(A) Polypropylene 

In the present invention, any conventionally known polypropylene may be used as the polypropylene (A). The 
polypropylene may be either a homopofypropylene or a propylene random copolymer containing propylene units and 
small amounts (e.g., not more than 10 % by mol, preferably less than 5 % by mol) of units from an olefin other than 
propylene. Of these, the propylene random copolymer is preferably used. 

When the polypropylene composition of the invention is intended to be used for a composite film, which will be 
described later, the polypropylene (A) is preferably a crystalline polypropylene containing units from propylene in 
amounts of not less than 90 % by mol. 

Examples of the other olefins for the propylene random copolymer include a-o!efins of 2 lo 20 carbon atoms except 
propylene, such as ethylene. 1-butene. 1-pentene. 1-hexene, 1-heptene, 1-oclene, 1-decene, 1-dodecene, 1-hexa- 
decene and 4-methyl- 1 -pentene. 

In the present invention, it is preferred to empby as the potyproylene (A) a polypropylene prepared by a conven- 
tional process using a known solid titanium catalyst component. Also employable is a polypropylene prepared using 
a metallocene compound catalyst component. 

The polypropylene used in the invention has a melting point (Tm) of 100 to 165 # C, preferably 120 to 165 6 C. Of 
the polypropytenes having such melting points, desirably used is a polypropylene having a melting poht higher than 
that of the later-described propylene- 1 -butene random copolymer. 

The polypropylene has a melt flow rate MFR (ASTM D-1 238, 230 load of 2.16 kg) of polypropylene in the range 
of usually 0. 1 to 400 p/10 min. preferably 1 to 100 gMO min, and a molecular weight distribution <Mw/Mn) of more than 
3. preferably 4 to 15. 

The polypropylene (A) is generally more rigid than the below-described propylene-1 -butene random copolymer (B). 
(B) Propylene- 1-butene random copolymer 

The polypropylene composition of the invention comprises the specific propylene-1 -butene random copolymer (B) 
as described below. This propylene-1 -butene random copolymer is preferably an elastomeric state. 

( 1 ) The propylene-1 -butene random copolymer used in the invention is a random copolymer of propylene and 1 -butene, 
and contains: 



constituent units from propylene in amounts of 50 to 95 % by mol, preferably 60 to 93 % by mol, more preferably 
70 lo 90 % by mol, and 

constituent units from 1 -butene in amounts of 50 to 5 % by mol. preferably 40 to 7 % by mol, more preferably 30 
to 10% by mol. 

This propylene-1 -butene random copolymer may further contain constituent units from olefins other than propylene 
and 1 -butene, e.g., ethylene, in a smaD amount, e.g., not more than 10 % by.mol. 

(2) Intrinsic viscosity (r\) 

The intrinsic viscosity (nj of the propylene-1 -butene random copolymer used in the invention, as measured in 
decahydronaphthalene at 1 35 °C. is in the range of 0. 1 to 1 2 dl/g, preferably 0.5 to 1 2 dl/g, more preferably 1 to 1 2 dl/g. 

(3) Molecular weight distribution 

The molecular weight distribution (Mw/Mn) of the propylene-1 -butene random copolymer used in the invention, as 
determined by gel permeation chromatography (GPC). is not more than 3. preferably 1.8 to 3.0. more preferably 1.9 
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(4) Randomness 

The parameter 8 value of the propylene- 1-butene random copolymer used In the invention, which indicates ran- 
domness of the copolymerized monomer sequence distribution, is h the range of 1 .0 to 1 .5. preferably 1 .0 to 1 .3. more 
5 preferably 1.0 to 1.2. 

The parameter B value was proposed by B.D. Cole-man and T.G. Fox in J. Polyra Sci.. AJ, 3188 (1963). and this 
parameter can be obtained from the Idlowing formulae 

B=P l2 /(2P r P 2 ) 

10 wherein P, is a first monomer content fraction. P 2 is a second monomer content fraction, and P 12 is a proportion of 
the first monomer-second monomer sequences to the total cfiad sequences. 

In the case of B = 1. Bernoulli's statistics apply to the copolymer; in the case ol B < 1 , the copolymer tends to be 
block; nthe case of B > 1 , the copolymer tends to be alternating; and in the caseol B = 2. the copolymer is an alternating 
copolymer. 

is It is preferred that the propytene-1-outene random copolymer (B) used in the invention has, in addition thereto, 
the above properties (1) to (4) and the following properties (5) and (6). 

(5) Melting point Tm 

20 The melting point Tm of the propylene-1 -butene random copolymer (B) used in the invention, as measured by a 
differential scanning calorimeter, is in the range ol 60 to 1 40 *C, preferably 80 to 1 30 *C. 

It is desired that in the propylene-1 -butene random copolymer (B). the melting point Tm and the 1 -butene constit- 
uent unit content M (% by moT) satisfy the following relation: 

2$ -2.6M + 130 £ Tm S -2.3M + 155 

(6) It is also desired that in the propylene-1 -butene random copolymer (B), the crystallin'rty C measured by X-ray 
dirt ractometry and the 1 -butene constituent unit content M (% by mol) satisty the following relation: 

30 CS-1.5M + 75 

The propylene-1 -butene random copolymer (B) used in the invention may further have the following property (7). 

(7) Stereoregutarity of the propylene-1 -butene random copolymer (triad tacticiry, mm fraction) 

35 

The stereoregularity of the propylene-1 -butene random coporymer used in the invention can be evaluated by triad 
tacticiry (mm fraction). 

When head-to-tail enehahed three propylene unit sequences in the polymer chains are expressed by a surface 
zigzag structure, the mm fraction is defined as a proportion of the propylene unit sequences having the same branch 
40 directions of the methyl groups and can be determined in the following manner using a ,3 C-NMR spectrum. 

For determining the mm fraction ol the propylene-1 -butene random coporymer from the 1: >C-NMR spectrum, the 
mm fractions of 

(i) head-to-tail enchained propylene unit triad sequences and 
<s (ii) propylene unit-outene unit triad sequences consisting of propylene units of head-to-tail enchained propylene 
units and butene units and containing propylene units as the second units 

are measured as the mm fraction of the propylene unit-containing triad sequences present in the polymer chains. 

The mm fractions can be determined from the peak intensities of the side chain methyl groups ol the second units 

so (propylene units) in the triad sequences (i) and (ii), as described below in detail. 

The 13 C-NMR spectrum of the propylene-1 -butene random copolymer is measured for a sample of the random 
coporymer which is completely dissolved in hexachbrobuladone containing a small amount of deuterated benzene as 
a lock solvent by a proton complete decoupling method at 120 *C under the measuring conditions of a flip angle of 45* 
and a pulse interval of not shorter than 3.4 T, (T,: longest time among the spin-lattice relaxation time ol methyl groups). 

55 Shce T, ol a methylene group and T, ol a methine group are shorter than that oJ a methyl group, the magnetfcation 
recovery of all the carbon atoms in the sample is not fess than 99 % under the above conditions. As for th8 chemical 
shift, the methyl carbon peak of the third unit in the head-to-tail enchained propylene unit pentad sequence (mmmm) 
is set to 21 .593 ppm on the basis ol tetramethytsibne. and other carbon peaks are determined based on this peak. 
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In the ,3 C-NMR spectrum of the propylene- 1 -butene random copolymer thus measured, the methyl carbon region 
wherein the side chain methyl groups ol the propylene units are observed (about 19.5 to 21.9 ppm) is classified into: 

a first peak region (about 21.0 to 21.9 ppm), 

a second peak region (about 20.2 to 2 1 .0 ppm). and 

a third peak region (about 1 9.5 to 20.2 ppm). 

In each of the above regions, peaks of the side chain methyl groups of the second units (propylene units) in the 
head-to-tail enchained triad sequences (i) and (ii) are observed as shown in Table 1 . 

Table 1 



Shift value 


Methyl carbon region (19.5 - 21.9 ppm) 




First region 21.0-21.9 
ppm 


Second region 20.2 — 
21.0 ppm 


Third region 19.5-20.2 
ppm 


Hand-to-tai) enchainment 
Sequence (i) 


PPP (mm) 


PPP (mr) 


PPP (rr) 


Sequence (ii) 


PPB (mm) 
BPB (mm) 


PPB (mr) 
BPB (mr) 
PPB (rr) 
BPB (rr) 





2S 



In the above table, P indicates a constituent unit from propylene, and B indicates a constituent unit from 1 -butene. 

With regard to the triad sequences (i) consisting of only propylene units, i.e., PPP (mm), PPP (mr)and PPP (rr). 
among the head-to-tail enchained triad sequences (i) and (ii) shown in Table 1. the directions of the methyl groups are 
illustrated below by the surface zigzag structures. These PPP sequences apply correspondingly to the mm, mr and rr 
triad sequences (PPB, BPB) (ii) which contain butene unit. 



30 



PPP (mm) 



CH 3 CH 3 CH 3 

I I I 

: -(CH-CH 2 )-(CH-CH 2 )-(CH-CH 2 ) 



AO 



PPP(mr) : 



CH 3 CH 3 
I I 
MCH-CH 2 )-(CH-CH 2 ) 



(CH-CH 2 ) 
I 

CH 3 



CH 3 CH 3 
I I 
PPP (rr) : - <CH-CH 2 ) - (CH-CH 2 ) - (CH-CH 2 ) - 

I 

CH 3 

In the first region, the methyl groups of the second units (propylene units) in the mm triad sequences PPP. PPB 
and BPB resonate. 

In the second region, the methyl groups of the second units (propylene units) an the mr triad sequences PPP, PPB 
and BPB and the methyl groups ol the second units (propylene units) in the rr triad sequences PPB and BPB resonate. 

In the third region, the methyl groups of the second units (propylene units) in the rr triad sequences PPP resonate. 

AccorcSngJy, when (i) the head-to-tail enchained propylene unit triad sequences and (ii) the propylene unit-butene 
unit triad sequences consisting of head-to-tail enchained propylene units and butene units and containing propylene 
units as the second units are measured on the side chain methyl groups of the propylene units of the second units in 
the triad sequences using the ,3 C-NMR spectrum (hexachlorobutadiene solution, tetramcthylsilane standard), the triad 
tacticity (mm fraction) of the propylene- 1 -butene random copolymer can be determined as a proportion (percentage) 
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of the area of the peaks appeared in the region of 21.0 to 21.9 ppm (the first region) based on the total area of the 
peaks appeared in the region ofl 9.5 to 21 .9 ppm (methyl carbon region) being 100 %, in accordance with the toilowing 
equation. 

s Methyl group intensity (PPP (mm) +PPB (Bin) +BPB (mm) ) 

mro Fraction - — — ■ - x jqq 

(%) Methyl group intensity (PPP (mml+PPB (mm) +BPB (mm) ♦ 

PPP (mr ) +PPB (mr ) +BPB (mr) ♦ 
PPP ( rr ) +PPB ( r r ) +BPB ( rr ) ) 

10 

In the propylene-1 -butene random copolymer used in the invention, the mm fraction deteimined as above is pref- 
erably not less than 90 %. more prelerably not less than 92 %, most preferably not less than 94 %, 

Other than the above-mentioned head-to-tail enchained triad sequences (i) and (ii), the propylene-1 -butene ran- 
dom copolymer has small amounts of partial structures which contain regio-irregular units represented by the following 
is structures (iii), (rv) and (v). and the peaks dewed from the side chain methyl groups of the propylene units having such 
structures (iii), (rv) and (v) are observed in the above-mentioned methyl carbon region (19.5 to 21.9 ppm). 



Structure (iii) 



ABC 

CH3 CH3 CH 3 CH 3 CH 3 CH 3 

I I I I I I * 

- <CH 2 -CH) - (CH 2 -CH) - (CH 2 -CH) - (CH-CH 2 ) - (CH 2 -CH) - (CH 2 -CH) - 

2S 



Structure (iv) 

D E D 

30 CH 3 CH 3 CH 3 CH 3 CH 3 

II I II 

" (CH 2 -CH) - (CH 2 -CH) - (CH 2 -CH 2 ) - (CH-CH 2 ) - (CH 2 -CH) - (CH 2 -CH) - 



35 

Structure (v) 

E' D' 
CH 3 CH 3 CH 3 CH 3 CH 3 

40 II I II 

- <CH 2 -CH) - (CH 2 -CH) - <CH 2 -CH 2 ) n- (CH-CH 2 ) - (CH 2 -CH) - (CH 2 -CH) - 

(n 2> 2) 

«5 Of the methyl groups Irom the above structures (iii), (iv) and (v). the methyl carbon A and the methyl carbon B 
resonate at 1 7.3 ppm and 17.0 ppm, respectively, and consequently (he peaks based on the carbon A and the carbon 
B do not appear in the first to third regions ( 1 9.5 to 2 1 .9 ppm). Further, the carbon A and the carbon B have no relation 
to the head-to-tail enchained propylene triad sequence, so that they do not need to be taken into account in the cal- 
culation of the triad tacttcrry (mm fraction). 

so The peak based on the methyl carbon C, the peak based on the methyl carbon D and the peak based on the methyl 
carbon D* appear in the second region, and the peak based on the methyl carbon E and the peak based on the methyl 
carbon E' appear in the third region. 

In the first to third methyl carbon regions, therefore, there appear a peak based on the PPE-methyl group (side 
chain methyl group in the propytene-propyleneethylene sequence) (20.7 ppm or thereabout), a peak based on the 

55 EPE-methyl group (side chain methyl group in the ethytene-propylene-ethylene sequence) (19.8 ppm or thereabout) 
and peaks based on the nethyl group C. the methyl group 0, the methyl group D\ the methyl group E and the methyl 
group E\ 

As described above, the peaks based on the methyl groups other than those of the heaoMo-taB triad sequences 
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(i) and (ii) are observed, and in the determination of the mm fraction using the above equation, correction is made in 
the following manner 

The peak area based on the PPE-methyl group can be determined from the peak area of the PPE-methine group 
(resonance at 30.6 ppm or thereabout), and the peak area based on the EPE-methyl group can be determined from 
5 the peak area of the EPE-meihine group (resonance at 32.9 ppm or thereabout). 

The peak area based on the methyl group C can be determined from the peak area of the adjacent methine group 
(resonance at 31.3 ppm or thereabout). 

The peak area based on the methyl group D can be determined from 1/2 of the total peak area of the peaks based 
on the a0 methylene carbon in the above structure (iv) (resonance at 34.3 ppm or thereabout and resonance at 34.5 
»o ppm or thereabout), and the peak area based on the methyl group 0' can be determined from the area of the peak 
based on the adjacent methine group (resonance at 33.3 ppm or thereabout) of the methyl group E* in the above 
structure (v). 

The peak area based on the methyl group E can be determined from the peak area of the adjacent methine carbon 
(resonance at 33.7 ppm or thereabout), and the peak area of the methyl group E* can be determined from the peak 
'5 area of the adjacent methine carbon (resonance at 33.3 ppm or thereabout). 

Accordingly, the peak area of the methyl groups based on the head-to-tail enchained propylene unit trad sequences 
(i) and (ii) can be determined by subtracting the peak area of the above methyl groups from the total peak area of the 
peaks in the second and third regions. 

Thus, the peak area of the methyl groups based on the head-to-tail enchained propylene unit triad sequences (i) 
*o and (ii) can be evaluated, and consequently the mm traction can be calculated in accordance with the above equation. 
The carbon peaks in the spectrum can be assigned with reference to a literature •Polymer", 30, 1350 (1989). 

(6) Hetero bond unit 



25 The propylene-1 -butene random copolymer (B) used in the invention sometimes has small amounts of structures 

which contain hetero bond units (regio-irregular units) based on 2,1 -insertions or 1,3-insertions of propylene present 
in the propylene sequences. 

In the polymerization, propylene is generally 1 ,2-inserted (methylene side is bonded to catalyst) to form the afore- 
said head-to-tail enchained propylene sequence, but in rare cases propylene is 2,1 -inserted or 1 ,3-inserled. The 2,1 -in- 
30 serted propylenes or the 1,3-hserted propylenes form regio-irregular units represented by the aforementioned struc- 
tures (iii), (iv) and (v) in the polymer. The proportions of the 2,1 -insertions and the 1.3-insertions of propylene in the 
polymer constituent units can be determined from the following equation using a 13 C-NMR spectrum with reference to 
"Polymer". 3), 1 350 (1 989), similarly to the aforesaid triad tacticity. 

The proportion of the regio-irregular units based on the 2,1 -insertions of propylene can be determined from the 
& following equation. 



40 



45 



so 



ss 



Proportion of (0 . 5laP( Structure (iii)* (v) ) 

regio-irregular ♦ 0 .25100 (Structure (iv))} 

units based on * x ^qq 

2,1-insertions laa + ia0 (Structure (iii) , (v) ) 

+ 0.5(lcry+ ia0 (Structure (iv)) + ia6) 

When it is difficult to directly determine the area of lap or the like from the spectrum because of, for example, 
overlapping ol the peaks, correction can be made using the carbon peaks having corresponding areas. 

In the propylene-1 -butene random copolymer (B) used in the invention, the hetero bond units based on the 2.1-in- 
sertfons of propylene present in the propylene sequences may be contained in an amount of not less than 0.01 %, 
specifically 0.01 to 0.3 %, based on all the propylene units. 

The regio-irregular units based on the 1,3-insertions of propylene may be contained in the propylene-1 -butene 
random copolymer (B) in an amount of not more than 0.05 %, and this proportion of the regio-irregular units based on 
the 1 ,3-insertions of propylene can be determined from the Py peak (resonance at 27.4 ppm or thereabout). 

Such a propylene-1 -butene random copolymer as mentioned above, which is used in the invention, contains a 
tacky ingredient in a smaller amount than the rubbers conventionally known. 

The propylene-1 -butene random a)pofymer(B) used h the invention can be prepared by coporymerizing propylene 
and 1 -butene in the presence of an olefin polymerization catalyst comprising: 

(a) a transition metal compound described later; 
(b) 
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(b-1 ) an organ oalumrnum oxy-compound. and/or 

(b-2) a compound capable ol reading wilh the transition metal compound (a) to lorm an ion pair 

and, optionally, 
s (c) an or ganoaluminum compound 

Next, the olefin polymerization catalyst used tor preparing the propylene-1-butene random copolymer (B) in the 
invention is described in detail. 

The transition metal compound (a) (hereinafter sometimes referred to as •component (a)*) for forming the olefin 
io polymerization catalyst used for the invention is represented by the following formula ( 1 ): 

\ ✓ 



20 




25 

wherein Mis a transition metal of Group IVa. Group Va or Group via of the periodic table. Examples thereof include 
titanium, zirconium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum and tungsten, Ot these, preferred 
are titanium, zirconium and hafnium. Particularly preferred is zirconium. 

30 Substituenls R 1 and R 2 

R' and R 2 are each independently a hydrogen atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon 
atoms, a hatogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon-containing group, an oxygen-containhg 
group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-containing group. 
35 Examples of the halogens include fluorine, chlorine, bromine and iodine. 

Examples ol the hydrocarbon groups of 1 to 20 carbon atoms include alkyl groups, such as methyl, ethyl, propyl, 
butyl, hexyl, cyctohexyl. octyl. nonyl, dodecy I, eicosy I, norbornyl and adamanty I; alkenyl groups : such as vinyl, propenyl 
and cydohexenyl; arylalkyl groups, such as benzyl, phenytethyl and phenylpropyl; and aryl groups, such as phenyl, 
tolyl, dimethylphenyl, trimethylphenyl, elhylphenyl. propylphenyl, biphenyl, naphthyl, methylnaphthyl. anthracenyl and 
<o phenanthryl. 

Examples of the halogenated hydrocarbon groups include those obtained by substituting the above-mentioned 
hydrocarbon groups with halogen atoms. 

Examples of the silicon-containing groups include morohydrocarborvsubstituted silyls, such as methylsilyl and 
phenyteilyl; dihydrocarbon-substituted sifyls. such as dimethylsityl and diphenylsilyl; Uihydrocarbon-substituted silyls, 
«5 such as trrmethyfsilyl. trielhylsilyl, tripropylsiryl, tricyctohexytsilyl, triphenyteilyl. dimeihylphenylsilyl, methykJiphenylsityt 
tritolylsilyl and trinaphthylsilyl; siryl ethers of hydrocarbon-substituted silyls. such as trimethylsilyl ether, silicon-substi- 
tuted alkyl groups, such as trinethyteilyimeihyt; and silicon-substituted aryl groups, such as trimethylsilylphenyl. 

Examples ol the oxygen-containing groups include hydroxyl groups; alkoxy groups, such as methoxy, elhoxy. 
propoxy andbutoxy; aryloxy groups, such as phenoxy, methylphenaxy, dimethylphenoxy and naphthoxy, and arylalkoxy 
so groups, such as phenylmethoxy and phenylethoxy. 

Examples of the sulfur-containing groups include those wherein oxygen is replaced with sulfur in the above-ex- 
emplified oxygen-containing groups. 

Examples of the nitrogen-containing groups include amino groups; alkytamino groups, such as melhylamino, 
dimethylamino, diethylamino, dipropylamino, dibutylamino anddicyctohexytamino; and arylamino groups and alkytar- 
ss ylamino groups, such as phenytamino, diphenylamino, ditolylamino, dinaphthylamino and melhylphenytamrno. 

Examples of the phosphorus-containing groups include phosphino groups, such as dimethylphosphino and diphe- 
nylphosphino. 

Of these, R* is preferably hydrogen, methyl, a hydrocarbon group of 2 to 6 carbon atoms and an aromatic group. 
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and particularly preferably methyl and a hydrocarbon group of 2 to 6 carbon atoms. 

R 2 is preferably hydrogen and a hydrocarbon group, and particularly preferably hydrogen. 

Substituent R 3 

5 

R 3 is a hydrocarbon group of 1 to 20 carbon atoms which may be substituted with a halogen atom or a silicon- 
containing group, and is preferably a secondary or tertiary alkyl group of 3 to 20 carbon atoms or an aromatic group. 

Examples of the secondary or tertiary alkyl groups include i-propyl, i-butyl, sec-butyl, tert-butyl, 1 ,2-dimethylpropyt, 
2.3-dimethylbutyl, iso-pentyl, tert-pentyl, neopentyl, cyclopentyl, cyclohexyl, 4-methylcyctohexyl, iso-hexyl, norbomyl 
10 and adamantyl. 

Examples of the aromatic groups include aryl groups, such as phenyl, toryl, dimethytphenyryl, trimethylphenyl, 
ethylphenyl, propylphenyl, biphenyl, a- or p-naphthyt, methytnaphthyl, anthraceny I, phenanthryl, benzytphenyl. pyrenyl, 
acenaphthyl, phenatenyl, aceanthrylenyl, tetrahydronaphthyl, indanyl and biphenyryl; and arylafkyl groups, such as 
benzyl, phenylethylyl, phenylpropyl and torytmeihyl. These groups may contain double or triple bonds. 
is Further, these groups may be substituted with halogen atoms and silicon-containing groups as described for R 1 . 

Substituent R 4 

R 4 is a hydrogen atom or an alkyl group of 1 to 20 carbon atoms. 
20 Examples of the alkyl groups include chain and cyclic alkyl groups, such as methyl, ethyl, n -propyl, i-propyl, n- 
butyl, i-butyl, sec-butyl, tert-butyl, pentyl, hexyl, cyclohexyl, heptyl, octyl. nonyl, dodecyt, eicosyl, norbomyl and ada- 
mantyl. . 

These groups may be substituted with halogen atoms and silicon-containing groups as described for R 1 . 
2S X 1 and X 2 

X 1 and X 2 are each a hydrogen, atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms, a halogenated 
hydrocarbon group of 1 to 20 carbon atoms, an oxygen-containing group or a sulfur-containing group. 

Examples of the halogen atoms, the oxygen-containing groups, Ihe hydrocarbon groups of 1 to 20 carbon atoms 
so and Ihe halogenated hydrocarbon groups of 1 to 20 carbon atoms are those described for Ri . 

Examples of the sulfur-containing groups include those described for R 1 ; and further sullonato groups, such as 
methylsulfonato. trifluoromethanesulfonato. phenylsulfonato. benzylsulfonato, p-toluenesulfonato. trimethylbenze- 
nesutfonato, triisobutybenzenesutfonato. p-chlorobenzenesulfonato and pentafluorobenzenesullonato; and sulfinato 
groups, such as methylsutfinato, phenylsutfinato, benzenesulfinato, p-toluenesulfinato, trimethylbenzenesulfinato and 
35 pentafluorobenzenesutftnato. 

Y 

Y is a divalent hydrocarbon group of 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group ol 1 to 20 
40 carbon atoms, a divalent silicon-containing group, a divalent germanium-containing group, a divalent tin-containing 
group, -Ch -CO-. -S-, SO. -SCfe-. -NR* -P'R 5 )-. -P(O) (R*)-, -BR*- or -AIR 5 - (R 5 is a hydrogen atom, a halogen atom, 
a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 1 to 20 carbon atoms). 

More specifically, there can be exemplified: 

The divalent hydrocarbon groups of 1 to 20 carbon atoms include alkytene groups, such as methylene, olmetr^ 
45 methylene. 1 ,2-ethylene, dimelhyl-i,2-ethylene, 1 ,3-trimethylene. 1,4-tetramethylene. 1.2-cyclohexylene and 1,4-cy- 
clohexylene. and arylalkylene groups, such as diphenylmethylene and dphenyl-l ,2-ethylene. 

The divalent halogenated hydrocarbon groups of 1 to 20 carbon atoms include the above-exemplified divalent 
hydrocarbon groups, which are hatogenaled, such as chloromelhylene; 

The divalent silicon-containing groups include alkylsilylene, alkylarylsilylene and arylsirylene groups, such as meth- 
50 ylsilylene. dimethylsilylene, diethylsirylene, di(n-propyl)sirylene, di(i-propyl)sirylene, di(cyclohexyl)silylene. methytphe- 
nylsilylene, diphenylsilylene. di(p-toryl)sirylene and di(p-chlorophenyl)silylene, and alkyldisifylene. alky taryldisiry lene 
and arykJisily lene groups, scuh as tetramethyl-1 ,2-disiry lene and tetraphenyl- 1 ,2-disflylene. 

The divalent germanium-containing groups obtained include those wherein silicon is replaced with germanium in 
the above-exemplrfied divalent silicon-containing groups. 
55 The divalent tin-containing groups include those wherein silicon is replaced with tin in the above-exemplified di- 

valent silicon-containing groups. 

Examples of R 5 are halogen atoms, hydrocarbon groups of 1 lo 20 carbon atoms and halogenated hydrocarbon 
groups of 1 to 20 carbon atoms as described for R 1 . 
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01 these, preferred are divalent silicon-containing groups, divalent germaniunvcontaining groups and divalent tin- 
containing groups, and more pre! ened are divalent silicon-containing groups. Of these, particularly preferred are a Iky Is - 
itylene. alkylarylsflylene and aryfsilylene. 

Listed below are examples of the transition metal compounds represented by the above formula (1). 

5 

rac-Dimethytsityl ene-bis{ 1 • (2 .7-dimeth yt-4-e lhytind8nyl)}2irconium dichloride, 

rac«Dimethylsilytene-bis( 1 -(2,7<toelhyl-4-n^ropylintenyl))zirconium dchtoride, 

rac-Dimethylsifyfene-bis{ 1 -(27^imethyl-4-i-prcpytindenyO)2irconium dchtoride, 

rac-Dirr*ethytsifytene^s{l-(2,7-dimelh^ dichtoride, 
10 rac-Dimethytsirytene-bisj 1 -(2,7-dtmethyl-4-sec-buty !indenyf)zirconium dichtoride, 

rac-Dintethyfeilylene-bis{1-(2,7<J^ dichloride, 

rac-Dimethytsilylene^s{1-(27^rmethyl-4-n-pentylindenyl) (zirconium dichloride, 

rac-Dimethylsilylene-bis( 1 -(2 ,7-dimelhyl-4-n-hexy1 indenyl))zirconium (fichtoride. 

rac-Dimethylsitylere-btsll-p^im^ dichtoride, 
is rac-Dimethyteif^ene-bis{M2,7^ dichloride, 

rac-Dimethylsilylene«bis{1 -(2,7-dimethyM-phenylethylindenyl)}zirconium dichloride, 

rac-Dimethylsilylene«bis^(2,7<Jimeth^ dichloride, 

rac-Dimemytellyfene-oisp-(2 t 7-otoethyW<N dichloride, 

rac-Dimethytsilytene^is{H2 t 7-dimethy^ dichloride, 
20 rac-Dimelhyteilylene-bis{1-(2,7-dimethyW 

rac-Diethylsilylene-ois{1 -(2,7-dimethyl-4-i-prcpylindenyl))zirconium dichloride, 

rac-Di('hpropyl)silytene-bis{H2J-dim^^ dichloride. 

rec-Di(n-butyOsifylene-bis{1 -(2,7-dimethyl-4-i-propylindenyl)Jzirconium dichloride, 

rac-Di(cyclohexyi)silylene-bis{ 1 -(2 1 7-dimethyM-i-propylindenyl))zirconium dichloride, 
& rac-Methyrphenylsiryienebis|1-<2,7^ime^ dichlorido, 

rac-Methyfphenylsirylene-bisll^J-dimethyM-t-butylindenyOJzirconium drchroride, 

rac-Diphenylsifytene-bis ( 1 - (2,7-dtmelhy l-4-t-butytindenyl))zirconium dichloride, 

rac-Diphenylsirylene-bis{ 1 * (2,7 -dimelhy l-4-i-pr opylindenyl)}ztrconiurn dichtoride, 

rac-Diphenyteilytene-bis(l-(2,7-dimethyt-4-ethylindenyl))zirconium dichloride, 
30 rac-Di(p-toryf)silylene-bis(1 -(2,7-dimethyl-4-i-propylindenyl))zirconium dichtoride, 

rac-Di(pH*lorophenyl)silytene^is{1-^ rJchloride. 

rac-Dimethylsirylene-bis{1 -(2-niethyl-4-i-prcpyl-7-ethylindenyl)zirconium dibromide. 

rac-DimethylsirVlene-bis[1-(2.7-dimethyl-4-i-propylindenyO}ztrconium dimethyl, 

rac-Dimethylsilyfene«bis{1 -(2,7«dimethyl-4-i-propylindenyI))zirconium methylchloride, 
35 rac-Dimethylsilylene-bis(H2,7KJimelhyWH^^ 

rac-Dirrelhytsilyterte^is{H2,7-di^ and 

rac-Dimelhybi lylene-bis{ 1 -(2-pheny l-4-i-propyl-7-melhy lindenyl))zirconium dichloride. 

Of the transition metal compounds represented by the above formula 0 ), those represented by the following for- 
<o muta ( 1 -a) is particularly preferably used in the invention: 

X 1 X 2 




55 wherein M, X 1 , X 2 , R 1 , R 3 and Y have the same meanings as defined in the formula (1 ), and R 1 is preferably hydrogen, 
methyl or an aromatic group. 

Listed below are preferred examples of the transition metal compounds represented by the above formula (1 -a). 
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rac-Dimethy!sify1ene-bis|1 -(4-phenyllndenyl))2irconium dichloride. 
rac-DinrtethyIsilylene4)is|1-(2-m8lhyl-4-phenylindenyl)j2irconium dichloride, 
rac-Dimethylsilylene-bis|t-(2-rnethyM-(a-naphthyl)hdenyO)zirconiurTi dichloride. 
rac«Dimethy»silylene-bis|1 -(2-methy l-4-(p-naphthyl)irxteny0}2irconium dichloride. 

$ rac-Dimethylsilylene-bis{ 1 -(2-methyl-4-( 1 -anthracenyl)indenyl))zirconium dichloride. 

rac»Dimethyl$irylene-bis{H2-methyM-(2-amh dichloride, 
rac-Dimethylsilytene-bis| 1 -(2-methyl-4-<9-anthfacenyl)indenyl)}2irconium dichloride, 
rac-Dimethybily1ene-bis{1 -(2-methyU-(9-phenanthryl)indenyl)j2irconium dichloride. 
rac-Dimethy)sirylertt-bis{1-(2-metty^ 

w rac-Dimethylsir/lene-bis{1 -(2-melhy l-4-(pentafluorophenyl)indenyl))2irconium dichloride, 
rac-Dimethylsirylene-bis{1 -(2-methyl-4-(p-chlorophenyl)-1 -indenyl)}2irconium dichloride. 
rac-0imelhylsilylene^is{1-(2-melhyM^m<hlwophenyl)indenyl))zir(^ium dichloride, 
rac-Dimethy lsirylene-bis{ 1 -(2-metr^M-(o<^lorophenyl)indenyl))zirconiurn dichloride, 
rac-Dimelhylsirylene^is{1-(2-methyl-4^^ dichloride, 

w rac-Dimethylsirylene-bisjl -{2-methyM-(p-brorrx)c^enyl)indenyl)Jzirconium dichloride. 
rac-Dimethylsilylene-bis{1-(2-rro^^ 

rac-Dirnemylsirylene-CHs{1-(2-meihyM-(m-toly0indenyl){zirconium dichloride, 
rac-Dimelhylslrylene^s{1-(2«memyl-4-(o-l^^^ 

rac-Dimeihybilylene-bisJ 1 -(2-methy l-4-(o,o'«dimethylpheny1)indenyl)}2irconium dichloride. 

2° rac-Dimethyteir^ene-bis{H2-rra^ dichloride, 

rac-Dimethylsirylene-bis{1-(2-metl^ dichloride, 
rac-Dimethylsitylene-bis{1-(2-meta^^ dichloride, 
rac-Dimethylsiry!ene-bisjl-(2^ dichloride, 
rac-Dimelhylsiryler»e-bis{H2-methyM-(m^ dichloride, 

s $ rac-Dimelhyteilylene-bis[1-(2-™^ 

rac-Dimethy»silyleneW{1-(2-methyl^ dchtoride. 
rac4Dimeihylsilylene-bis{1-(2*phenyM-phenylindenyl)}2irconiurn dichloride, 
rac-Diethylsifylene-bis{1 -(2-melhyl-4-phenylindenyl))zirconium dichtoride. 
rac-Di(i-propyl)silyJene-bis{1-(2-rrwthyl-4-phenylir^yl)}2irconium dichloride, 

50 rac-Di(n-bulyl)sirylene-bisp 

rac-Dicyclohexylsiiylene-bis{1 -(2^ethyU-phenylindenyl))2irconium dichloride. 
rac-Methy!phenylsilylene-bis{1-(2-methyl-4-phe 

rac-Diphenylsilylene-brs{1 -(2-rnethyl-4-phenylindenyl))2irconium dichloride. 
rac-Di(p-toryl)stlylene-bis|1-(2-memyl^-phenylno«nyl))2irccf)ium dichloride. 
35 rac-Di(p-chlcropheny0silylene-bis{1-(2-me%^ 

rac-Methylene-bis{1 -(2-melhyl-4-phenylffKJenyl)j2irconium dichloride. 
rac-Ethylenebis{1-(2-memyl-4i)henylindenyl))2irconiurn dichloride, 
rac-Dimethylgermytene-bis{1-(2-methyM^ dichloride. 
rac-Dimethybtannylene-bis{H2-methyl-4i^enylindenyl)}2irconium dichloride, 
to rac-Dimethylsirylene-bis{1-(2-methyl-4-phenylirK^^ 

rac-0imethylsilylene-bis{1-(2-memyM-c^enylindenyl))2ircc<iium dimethyl, 
rac-Dimethylsirylene-bis{1-(2-methyl-4-phenylindenyl))2irconium melhylchloride, 
rac-Dimethylsil^ene4)is|1-(2^emyl-4-phenylindenyO}zirconium chloride SOgMe, 
rac-Dimethy lsilylene-bts{1 -(2-methy l-4-phenylindenyl)}zirconium chloride OSOjMe, 
rac-Dimethy!silylene-bisi1-(2-metW mono(triltuoromethanesulfonate). 
rac-Dimethylsilylene-ois{ 1 -<2-methyM-phenylindenyl))zirconium di(lrinuoromethanesuitonate). 
rac-Dimethy lsilylene-bis{ 1 -(2-methyU-pheny lindenyl)}zirconium di(p-loluenesullonate). 
rac-Dimelhylsilylene-bis{1-(2-methyl-4-phenylindenyl)}zirconrum di(melhybulfonate). 
rac-Dimethylesilylene-bis|1 *(2-methyl-4-phenylindenyl))2irconium di(trinuoroacetate), 
rac-Dimethylsitylene-bis{1-(2-rrieutyl-4-ph^ monochloride mono(n-butoxyde). 

rac-Oimethylsirylene-bis{1-(2-methyl-4-phenylimienyl)j2ir<uxiium di (n-butoxyde), 
rac-Dinwthylsirylene-bis{1-(2-methyl-4-phenylindenyl)}2irco^ monochloride mono(phenoxyde), 
rac-Dtnrtethylsirylenc-bis{1-(2-methyM-phenylindenyOJtitanium dichloride. and 
rac-Dimethylsirylene-bis{1-(2-methyl-4-phenylindenyl)}hafnium dichloride. 



4S 



SO 



SS 



Of the above compounds, particularly preferred are compounds of the formula (1-a) wherein R 1 is methyl. 
Also preferably used are transition metal compounds of the formula (1-a) wherein R 1 is a hydrocarbon group of 2 
lo 6 carbon atoms and R3 is an aryl group of 6 to 16 carbon atoms. Examples of such compounds are listed below. 
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rac-D imethybiiylene-bis{ 1 -(2-ethyl-4-phenyllndenyl)}2irconium dichtoride. 

rac-Dimethylsilylena-bisi 1 -(2-ethy M-(a-naphlhy l)ind6nyl)}2irconiumdichlofide. 

rac-Dimethybirylene-tis{1 .(2^thyM-(^naphthyl)ind8nyl}2irconium dichtoride. 

rac-DimethylsilyJen9^slH2-eft^ dichloride, 
5 rac-Otmelhylsily!ene-bis{ 1 -(2-elhyM-(5*acenaphthyl)indefiyl)}zirconium dichloride. 

rac-Dimelhybirytene«bis( 1 .(2-elhyM.{9^nlhracenyl)indenyl)}zirconium dichloride, 

rac-Dimethybilytene-bis{l -(2-emyM-(9i)henanlhryl)indenyl)|2ircon!um dichloride. 

rac-Dimethybi!ytene-<bis{l .(2-ethyM-{CHnelhy^henyl)indenyl))2ifconiurn dichloride, 

rac^imethybilytene*istM2-emyl^ 
io rac-Drmethyteilylene-bis{1 -(2-elhyM.{p-me!hylphenyl)indenyl)}2irc(jnium dichloride. 

rac«Dimethybirylene*is{H2^^ dichbride. 

rac-Dimelhybilylene-bi$( 1 -(2-ethy M-(2,4-o^thylpheny0ino^yQ)2ir«)ntum dichloride. 

fac-Dimethyteily1ene4>is{^elhy^ dichloride. 

rac-Dimetoyteirylene^is{l -(2-ethy^ dichloride. 
is rac-DirrathybWene-bis{H2^^ 

rac-Dinwmybiry1ene*is(H2H^ dichloride, 

rac^imetftyteily1ene-bis{H2^^^ dichbride, 

rac-Dimethyteilylene-bis{i -(2-emyM-{2,3-dichtarophenyl)indeny l)}2irconium dichtoride, 

rac-Dimethybiry1ene^is{H2^thyl-4-fr^ dichtoride, 
zo rac-Oimetfiyteirylene-bis{1 -(2-elhyM-(3,5Kjic^torophenyl)indenyl)}zirconjurn dichtoride, 

rac-Oimethybilylene-bis{1 -(2^myM-(24)rorrK)pheny0tndenyl)|2irconiurn dichloride. 

rac-Dimethybtrylene-bis{H2-e^ 

rac-Dimethybilylene-bis{H2-ethyM-(4-br^^ 

rac-Dirrwthylsilylere*is(H2-e^ dichloride. 
2S rac-Dimelhylsilylene-bis(1 -{2-emyM-(4-trimemytsirylpheny0indenyt)|zirconiurn dichloride, 

rac•Dime!hyteiVIene^s{^{2-n-prc^M^enylin<tenyl))2irconium dichtoride, 

rac-Dimemybirylene-bis{l-(2-n-prcw^ 

rac-Dimethyteirylene-bis{H2-n-pr^^ 

rac-Oimelhybirylene-bis{1-(2-^^ 
30 rac-Dimethyteilylene-bis|1 -(2-n-propyU-(5-acenaphlhyl)indenyl))2irconium dichtoride, 

rac-Dimetbybirylene-bis{1 -(2^-prci>yl-4-(9^thracenyl)irxJenyl)}2irconium dichloride, 

rac-Dimethyteirylene-bis{1 -(2-n-prcpyl-4^9i)henar)lhryl)irxJenyl)}2irccoium dichloride, 

rac-DirT»thylsi!ylene«bis{V^ dichloride. 

rac-Dimelhylsi(ylene-bis{1 -(2-i-prc>pyl^Ha-naphthyl)indenyl))2irconium dichloride. 
35 rac-DirTttthybilylene-bis(1«(2-i^ 

rac-Dimelhylsilylene-bisil -(2-i-propyl-4-(2-methyl-1 -naphthyl)indenyt)}2irconium dichloride, 

rac-Dimethylsily!ene4>is{H2-i^ dichloride. 

rac-Dimethylsityene^isil-p-i^ 

rac-Dimethylsirylene-bisj 1 -(2-i^rct>yl-4~(9-phenanthry0^ 
40 rac-Dimethy lsilylene-bis{ 1 -(2-s-buly W-phenylindenyl))2irconium dichtoride. 

rac-0imethylsilylene-bis{1 -(2-s^u1yl^(a-naphthyl)indenyl))2irconiurn dichtoride, 

rac-Dimethylsilylene-bis(1 -(2-s-^tyM*(P-naphthyl)indenyO)2irconium dichloride. 

rac-Dimelhylsitylene^s(1-(2-s-bu^ 

rac^tnwthyt$iry!ene-bis{H2-s-buty^^ . 
as rac-Dimethyteirytene-bis(H^s-bu^ 
rac-Dimelhylsityene-bis{H*s-bu^^ 

rac-Dimethyteilylene-bis|1-(2Hvpw^ dichtoride. 

rac-Dimelhylsirylene-bis{1-(2-n^ dichtoride. 

rac<)imethyteilylene-bis{1-{2^-b^ dichtoride. 
so rac-Dirrothyl5i!ylene^${H2^ 

rac-Dimethy Isilylene-bisp .(2^^utyM-(^r^th^)indenyl)}2irconium dichloride, 

rac-Dimethylsirylene-bis{1 -(2-n-butyl-4(2-methyM -oaphthyl)indenyO}zirconium dichtoride. 

rac-Dimethylsirylene-bis{1 -(2-n^utyM-(5-accnaphthyl)ino^nyl)|2irc<)niurTi dichtoride. 

rac-Dimethy lsilylene*i8{ 1 -(2-n-butyM-(9-anthraceny l)indenyl)}2trconium dichloride. 
55 rac-Dimelhylsilylerw-bis{1 -(2-n-butyM-(9i>henanthryl)indenyl))zirconium dichloride. 

rac-Oimethybirylene bis(t-(2-i-butyl-4-phenylindenyl)}2irconium dichloride. 

rac-Dimethylsitylene*is{M^^ dichloride. 

rac-Dirrathyteirylene^^ 
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rac-Dimethylsilylene-bis{H2-i-butyl-4^ dichloride. 
rac-Dimethy teilylene-bisj 1 -(2-i-buty l-4-(5-acenaphlhyi)lnd8nyf))zirconium dichloride. 
rac-Di™thyfeitylene-bis{^ dichtoride. 
rac-DimethybiVlene4)is{1-(2-i-butyW-(9-phenanthry0irxienyl) dichtoride, 
5 rac-Dimethylsilylene-bis{1-(2-nec£e^ 

rac-DimethyIsitylene-bis{1-(2-neopentyl-4^ dichtoride. 
rac-Dimethylsrlylene-bis|1 -(2-n-hexyl-4-phenylindenyl))2irconium dichloride, 
rac-Dirnethylsilylene-bis{1-(2-n-hexyl-4-(a^ 

rac-Melhy!phenylsilylene-bis{V(2-ethyl-4-phenylirxienyl)}zirconium dichloride, 
io rac-Methylphenyteilylene-bis{1 -(2-ethyM-(a-naphthyf)indenyl)}zirconium dichtoride. 

rac-Methylphenylsilylene-bisil-(2^thy^ dichloride, 

rac-Methytphenylsilylene-bisj 1 -(2-ethyl-4*(9-phenanthry0tndenyl)}zirconium dichloride, 

rac-Diphenylsitylene«bisJ1 -(2-elhyM-phenylindenyl))zirconium dichtoride. 

rac-Diphenylsilytene-bis{1 -(2-ethyl-4-{a-naphthyl)indenyl)Jzirconium dichtoride, 
15 rac-Diphenyisirylene-bisjl -(2-elhyl-4-(9-anthracenyl)indenyl)Jzirconium dichloride, 

rac*Diphenylsilylene*bis| 1 •(2^myM-(9^henanlhryl)ifxtenyl)Jzirconiurndichloride, 

rac-Oiphenylsirylene^is{1-(2^myM-{4-biphenyryl)indenyl)Jzirc^ dichloride, 

rac-Methylene-bis{1 _-(2-ethyl-4-phenylindenyl)}zircontum dichloride, 

rac-Mmhylene^fs{1-(2^thyl-4-{a-naphthyl)inctenyl))zirconium dichloride, 
20 rac-Elhytene-bis{1 -(2-elhyl-4-phenylindenyl)Jzirconium dtohloride, 

rac-Ethytene-bis{1 •(2-ethyl-4-(a-naphthyl)indenyOJzirconium dichloride, 

rac-Ethylene-bis(1-(2-n-propyl-4-(a-naphth^ 

rac-Dtmethylgermylene-bis{1 -(2-ethyl-4-phenylindenyi)}zirconium dichtoride, 
rac-Dirrwthylgermylene-bis{1-(2-emyW-(a-naphthyl)irKJenyl)}zircc^ium dichtoride, 
25 ra£-Dimethylgermylene-bis{1 -(2-n-propyl-4-phenylindcnyl))zirconium dichtoride. 

rac-Dimethylslannylene^isJH2-ethyl-4i)henylindenyl))zir<x>nium dichloride, 
rac-Dimelhylstannylene-bis{1-(2-ethyl-4-(a-naphthyl)irKtenyl)}zirconium dichtoride, 
rac-Dimethylstannylene-bis{1 -(2-n-ethy W-(9-phenanthryl)indenyl)}zirconium dichloride. and 
rac-Dimethylstannytene-bis{1-(2-n-prc^yl-4-phenylindenyl)}zirconi dichloride 

30 

In the present invention, also employable are transition metal compounds wherein zirconium metal is repbced 
with titanium, hafnium, vanadium, niobium, tantalum, chromium, molybdenum or tungsten in the above-exemplified 
compounds. 

The transition metal compounds are generally used in the form of racemic modification as the olefin polymerization 
3S catalyst component, but they can also be used either in the form of R type or S type. 

The transition metal compounds used for the invention can be prepared in accordance with "Journal of Organo- 
metallic Chem/, 288 (1985), pp. 63-67 and EP-A-0320762. For example, the compounds of the lormula (1-a) can be 
prepared by the following reaction route. 

40 



45 



so 
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wherein Z is CI, Br. I or o-tosyl group, and HjR" is 



25 




The organoaluminum oxy-compound (b-1 ) (hereinafter sometimes referred to as 'component (b-1)*) tor forming 
the olefin polymerization catalyst used in the invention may be either aluminoxane conventionally known or a benzene- 
insoluble organoaluminum oxy-compound. the latter is described in, lor example, Japanese Patent Laid-Open Publi- 
cation No. 78687/1990. 

35 The conventionally known aluminoxane can be prepared by, (or example, the following procedures. 

(1 ) An organoalumhum compound, e.g., trialkytaluminum, is added to a hydrocarbon medium suspension of com- 
pounds containing adsorbed water or salts containing water d crystallization, e.g.. magnesium chloride hydrate, 
copper sulfate hydrate, aluminum sulfate hydrate, nickel sulfate hydrate and cerous chloride hydrate, so as to 

40 allow the organoaluminum compound to react with the adsorbed water or the water of crystallization. 

(2) Water, ice or water vapor is allowed to directly act on an organoaluminum compound, e.g.. trialkytaluminum. 
in a medium such as benzene, toluene, ethyl ether or tetrahydrofuran. 

(3) An organotin oxide such as dimethyltin oxide or dfoutyttin oxide is allowed to react with an organoaluminum 
compound, e.g., trialkylaluminum. in a medium such as decane, benzene or toluene. 

45 

The aluminoxane may contain a smalt amount of an organometalllc component. Solutions of the aluminoxane 
obtained above may be used in the invention, but it is also possible that the solvent or the unreacied organoaluminum 
compound is distilled off from the solutions and then Ihe residue is redissolved in a solvent or suspended in a poor 
solvent for aluminoxane. 

so Examples of the organoatuminum compounds used for preparing the aluminoxane include: 

triatkybluminums, such as trrnethytaluminum. trielhytaluminum, Iripropytaluminum, triisopropylaluminum, tri-n- 
butyblumhum. triisobutytatuminum, tri-sec-butytaluminum, tri-tert-butylatummurn, tripentytaluminum, trihexylalu- 
minum, trioctylaluminum and tridecytatuminum; 
55 tricyctoalkyfaluminums, such as tricyctohexylaluminum and tricyctooctylatuminum; 

diafltytetuminumhalides. such as dimethylaluminum chloride, diethylaluminum chloride, diethybluminum bromide 
and diisobutytaluminum chloride; 

diatkylaluminum hydrides, such as diethylaluminum hydride and diisobutytaluminum hydride; 
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dialkylaluminum alkoxides. such as dimethylaluminum methoxide and diethylaluminum elhoxide; and 
dialkylaluminum aryloxides, such as diethylaluminum phenoxide. 

Of these, preferred are Irialkylaluminums and tricycloalkylaluminums, and particularly preferred is trimelhylalumi- 
5 num. 

Also employable as the organoaluminum compound used for preparing the atuminoxane are alkenylaluminums 
represented by the following formula: 

<iC 4 H 9 )„Al y (C s H, 0 ), 

io wherein x, y and z are each a positive number, and z > 2x, such as isoprenylaluminum. 

The organoaluminum compounds mentioned above are used singly or in combination. 

Examples of the solvents used for preparing solutions and suspensions of the atuminoxane include aromatic hy- 
drocarbons, such as benzene, toluene, xylene, cumene and cymene; aliphatic hydrocarbons, such as pentane, hexane, 
heptane, octane, decane, dodecane, hexadecane and octadecane; alicyclic hydrocarbons, such as cyclopentane, cy- 
*5 ctohexane, cyclooctane and melhylcyclopentane; petroleum fractions, such as gasoline, kerosine and gas oil; and 
halogenated derivatives of these aromatic, aliphatic and alicyclic hydrocarbons, particularly chlorides and bromides 
thereof. Also employable are ethers such as ethyl ether and tetrahydrofuran. Of these solvents, preferred are aromatic 
hydrocarbons and aliphatic hydrocarbons. 

The compound (6-2) capable of reacting with the transition metal compound (a) to form an ion pair (hereinafter 
20 sometimes referred to as 'component (b-2)"), that is used for forming the olefin polymerization catalyst according to 
the invention, includes Lewis acids, ionic compounds and carborane compounds, as described in, for example, Jap- 
anese Patent Laid-Open Publications No. 501950/1989, No. 502036/1989. No. 179005/1991. No. 179006/1991, No. 
207703^1991 and No. 207704/1991, and U.S. Patent No. 547,718. 

Examples of the Lewis acids include triphenylboron, lris(4-fluorophenyl)boron. tris(p-toryl)boron, tris(o-1ofyl)boron, 
25 tris(3,5-dimothylphenyl)boron. tris(pentafluorophenyl)boron, MgCI 2 , Al^ and SiO^AI^. 

Examples of the ionic compounds include triphenylcarbentumtetrakislpentafluorophenyOborate, tri-n-butytamrno- 
niumtetrakis(pentafluorophenyl)borate, N,N-dimethylaniliniumletrakis(pentanuorophenyl)borate and (erroceniumtet- 
rakis(pentafluorophenyl)borate. 

Examples of the carborane compounds include dodecaborane. 1-carbaundecaborane, bis-n-butytemmonium 
30 (l^rbedodeca)borate t tri-n-butylammonium(7.8-dicarbaundeca)bOfate and tri-n-butylammonium(lridecahydride- 
7-carbaundeca)borate. 

The compounds (b-2) capable of reacting with the transition metal compound (a) to form an ion pair can be used 
alone or in combination. 

The organoaluminum compound (c) (hereinafter sometimes referred to as "component (c) # ) for forming the olefin 
3S polymerization catalyst used in the invention can be represented by, lor example, the following formula (2): 

R9 nAIX^ (2) 

wherein R 9 is a hydrocarbon group of 1 to 12 carbon atoms. X is a halogen atom or a hydrogen atom, and n is 1 to 3. 

In the above formula (2). R 9 is a hydrocarbon group of 1 to 12 carbon atoms, for example, an afkyl group, a 
40 cycloalkyl group or an aryl group. Particular examples thereof include methyl, ethyl, n-propyl. isopropyl, isobutyl, pentyl, 
hexyl, octyl, cyclopentyl, cyclohexyl, phenyl and tolyl. 

Examples of the organoaluminum compounds (c) include: 

trialkylaluminums, such as trimethylaluminum, triethylaluminum, triisopropylaluminum, triisobutylaluminum, trioc- 
45 tytaluminum, tri(2-ethylhexyl)aluminum and tridecylaluminum; 
alkenylaluminums. such as isoprenylaluminum; 

dialkylaluminum halides, such as dimethylaluminum chloride, diethylaluminum chloride, diisopropylaluminum chlo- 
ride, dusobutytaluminum chloride and dimethylaluminum bromide; 

alkylaluminum sesquihalides, such as methylaluminum sesquichorde, elhylaluminum sesquichtoride, isopropyla- 
50 luminum sesquichloride, butylaluminum sesquichloride and ethylaluminum sesquibromide; 

alkylaluminum dftalides, such as methylaluminum dichlor ide. ethylaluminum dichloride, isopropylaluminum dfchlo- 
ride and ethylaluminum dibromide; and 

alkylaluminum hydrides, such as diethylaluminum hydride and diisobutylatuminum hydride. 
55 Also employable as the organoaluminum compound (c) is a compound represented by the following formula (3) : 
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wherein R 9 is the same as in me above formula (2); L is -OR 10 group. -OSiR 11 3 group. OAIR^ group. -NR^ group. 
-SiR 14 3 group or -N(R ,5 )AIR 16 2 group; n is 1 lo 2; R 10 , R", R* and R 1 * are each methyl, ethyl, isopropyl. isobulyl! 
cyclohexyl. phenyl or the like. R 13 is hydrogen, methyl ethyl, isopropyl. phenyl. trimethylsSylene or the like; and R u 
and R*s are each methyl, ethyl or the like. 

Ol such organoaluminum compounds, preferred are those ol R? ft AI(OAIR 12 2 )j. 0 , lor example. EUAOAIEU and 
(iso-BufeAOAKiso-Bu)^ 

01 the organoaluminum compounds represented by the lormulas (2) and (3). preferred are those ol the formula 
R 9 3A1 wherein R 9 is particularly preferably an isoalkyl group. 

The olefin polymerization catalyst used in the invention can be prepared by mbcing the component (a) and the 
component (b-1) (or the component (b-2)). and optionally. Ihe component (c) in an inert hydrocarbon solvent or an 
olefin solvent. 

Examples of the inert hydrocarbon solvents used for preparing the olefin polymerization catalyst include aGphatic 
hydrocarbons, such as propane, butane, pentane, hexane, heptane, octane, decane, dodecane and keroshe; alicyclic 
hydrocarbons, such as cyclopentane, cyclohexane and methylcyclopentane; aromatic hydrocarbons, such as benzene, 
toluene and xylene; habgenated hydrocarbons, such as ethylene chloride, chlorobenzene and dichbromethane; and 
mixtures of these solvents. 

The above components may be mixed in any order, but it is prelerred that: 

the component (b-1) (or the component (b-2)) is mixed with the component (a); 
the component (b-1 ) is first mixed with the component (c) and then with Ihe component (a); 
the component (a) is first mixed with the component (b-1) (or the component (b-2)) and then with the component 
(c);or 

the component (a) is first mixed with the component (c)and then with the component (b-1) (or the component (b-2)). 

In the mixing of the above components, an atomic ratio of aluminum in the component (b-1 ) to the transition motal 
in the transition metal compound (a), (Aftransition metal), may bo in the range of usually 10 to 10,000, preferably 20 
to 5,000. and a concentration of the component (a) may be in the range of about 10* to 10" 1 molfliter, preferably 10 7 
toSX 10-2mol/liter. 

When the component (b-2) is used, a molar ratio of the component (a) to the component (b-2). (component (a) 
/component (b-2)), may bo in the range of usually 0.01 lo 1 0. preferably 0. 1 to 5. and a concentrat ion of the component 
(a) may be in Ihe range of about 10* to 1 0 -1 moi/liter, preferably 10* 7 to 5 x 10" 2 mol/Iiter. 

When the component (c) is used, an atomic ratio of the aluminum atom ( Ay in the component (c) to the aluminum 
atom (Al^,) in the component (b-1). (AI^AI^). may be in the range of usually 0.02 to 20, preferably 0.2 to 10. 
The above-mentioned catalyst components may be mixed in a polymerization reactor, or a mixture ol frie compo- 
35 nents preliminarily prepared may be added to the reactor. 

If the components are preliminarily mixed, the mixing temperature may be in the range of usually -50 to 150 °C, 
preferably -20 to 1 20 a C; and the contact time may be in the range of 1 to 1 ,000 minutes, preferably 5 to 600 minutes! 
It is possible to vary the mixing temperature during the mixing procedure. 

The olefin polymerization catalyst used in the invention may be a solid olefin polymerization catalyst in which at 
<o least one of the above components (a), (b) and (c) is supported on an inorganic or organic, granular or fine particulate 
solid carrier. 

The inorganic carrier is preferably a porous oxide, and examples thereof include SiO^ and Ay},. 

Examples of the granular or particulate solid organic compounds include polymers and copolymers produced by 
using a-oletins (e.g., ethylene, propylene and 1 -butene) or styrene. as their major component 
45 The olefin polymerization catalyst used in the invention may be one which is formed from the fine paniculate carrier, 
the component (a), the component (b) and an olefin polymer produced by prepolymerization, and optionally, the con> 
ponent (c). 

In the prepolymerization, olefins, such as propylene, ethylene and 1-butene, can be employed. Abo employable 
are mixtures of these and other olefins. 
so (n addition to the above components, the olefin porymerizaiion catalyst used in the invention may further contain 
other components useful for the olefin polymerization, for example, water as a catalyst component 

The propylene-1 -butene random copolymer used in the invention can be prepared by coporymerizing propylene 
and 1 -butene h the presence of the above-montioned olefin polymerization catalyst in such a manner that the monomer 
composition as defined above would be finally obtained. 
55 The polymerization can be carried out by any of a liquid phase polymerization process (e.g., suspension or solution 
polymerization process) and a gas phase polymerization process. 

In the liquid phase polymerization process, inert hydrocarbon solvents such as those used for preparing the catalyst 
previously mentioned can be employed, and propylene per se is also employable as a solvent. 
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The polymerization temperature may be, in the suspension polymerization process, in the range of usuaBy -50 to 
100 °C. preferably 0 to 90 °C; in the solution polymerization process, in the range of usually 0 to 250 *C. preferably 
20 to 200 °C; and in the gas phase polymerization process, in the range of usually 0 to 120 °C ( preferably 20 to 100 
°C. The polymerization pressure may be tn the range of usually atmospheric pressure to 100 kg/cm 2 , preferably at- 
mospheric pressure to 50 kg/cm 2 . The polymerization reaction can be carried out either batchwise, semicontriuously 
or continuously. The polymerization can also be carried out in two or more stages under different reaction conditions. 

The molecular weight of the resulting propylene-1 -butene random copolymer can be regulated by adding hydrogen 
to the polymerization system or by varying the polymerization temperature or the polymerization pressure. 

Polypropylene composition 

The polypropylene composition of the invention comprises: 

the polypropylene (A) in an amount of 5 to 95 % by weight, preferably 20 to 90 % by weight, more preferably 40 
to 85% by weight, and 

the propylene-1 -butene random copolymer (B) in an amount of 95 to 5 % by weight, preferably 80 to 10 % by 
weight and 60 to 15 % by weight. 

The polypropylene composition can be prepared by any conventionally known process for preparing resin com- 
positions, tor example, by mell-kneading Ihe polypropylene (A) and the propylene-1 -butene random copolymer (B). 

The melt flow rate MFR of the polypropylene composition may be in the range of 0.1 to 400 g/10 min, preferably 
1 to 100 O/10 min. 

The melting point of the polypropylene composition may be in the range of 60 to 165 °C, preferably 80 to 160 °C. 

In addition to the polypropylene and the propylene-1 -butene random copolymer, the propylene composition of the 
invention may contain additives and other resins so long as the objects of the invention are not marred. 

Examples of such additives include nucleating agents, antioxidants, hydrochloric acid absorbers, heat stabilizers, 
light stabilizers, ultraviolet light absorbers, lubricants, antistatic agents, flame retardants. pigments, dyes, dispersing 
agents, copper inhibitors, neutralizing agents, foaming agents, plasticizers, antifoaming agents, crosslinking agents, 
flowability improvers such as peroxides, and weld strength improvers. 

As the antioxidants, phenolic antioxidants, sulfur antioxidants, phosphorus antioxidants, etc. are employable. 

Examples of the phenolic antioxidants include phenols compounds, such as 2.6-di-tert-butyl-p-cresol. stearyl 
(3.3<JimeJhyl-4-hydroxybenzyl)thioglycolate. stearyl-P-(4-hydroxy-3.5-di-tert-butylphenyl)propionate, dislearyl-3,5-di- 
tert-butyl-4-hydraxybenzyl phosphonate. 2.4.6-tris(3 , .5'-dhtert-butyl-4^hydroxyberuynh»)-1.3.5-triazine. distearyl 
(4-hydroxy-3-methyl-5-tert-butylbenzyl)malonate, 2.2'-methylenebis(4-methyh6-tert-butylphenol), 4,4'-methylenebis 
(2.5-dhtert-butylphenol). 2^-methylenebis[6-n-methyteyclohexyl)p-cresol]. bisl3.5-bis(4-hydroxy-3-tert-butylphenyl) 
butyric acid] glycol ester. 4,4 , -butylidenebis(6-tert-butyl-nvcresol). 1.1 ,3-tris(2-methyl-4-hydroxy-5-tert-butylphenyl)bu- 
tane, bis[2-tert-butyl-4-methyl-6-(2-hydroxy-3-terl-butyl-5-methylbenzyl)phenyll terephlhalate. 1 .3,5-tris<2.6-dimethyl- 
3-hydroxy-4-tert-butyl)benzyl isocyanurate, l,3,5-tris{3,5-dMert-butyl-4-hydroxybenzyl)-2.4.6-trimethybenzene. tet- 
rakis[methyIene-3-(3.5<JMert-bulyW-hydrox^ 1.3,5-tris(3,5-di-ter1-bu1yM-hydroxyben- 
zyl) isocyanurate, 1 ,3.5Hris|(3 5-di-tert-butyl-4-hydroxyphenyf)propionyloxyethylJ isocyanurate, 2-octyllhio-4,6-di(4-hy. 
droxy-3^-di-tert-butyl)phenoxy-1.3.5-triazine and 4,4 , -thiobis(6-tert-butyl-m-cresol); and pofyhydric phenol carbonic 
acid oligo esters, such as carbonic acid oligo esters of 4,4 , -butylidenebis(2-ten-butyl-5-methylphenol) (e.g., polymer- 
ization degree: 2 to 10), 

Examples of the sulfur antioxidants include dialkyl thiodipropionates, such as dilauryl thiodipropionate, dimyristyl 
thiodipropionate and distearyl thiodipropionate; and esters of polyhydric alcohols (e.g.. glycerol, trimethylolethane. 
trimethylolpropane. pentaerythritol and trishydroxyethyl isocyanurate) and alkylthiopropionic acids (e.g.. butylthiopro- 
pionic acid, octylthiopropionic acid, laurylthiopropionic acid and slearylthiopropionic acid), such as pentaerythritorte- 
tralauryl thbpropionate. , 

Examples of the phosphorus antioxidants include trkxtyl phosphite, trilauryl phosphite, tridecyl phosphite, octyld- 
iphenyl phosphite, tris(2,4-di-terl-butylphenyl) phosphite, triphenyl phosphite. Iris(butoxyethyl) phosphite, tris(nonyl- 
phenyl) phosphite, distearylpentaerythritol diphosphate, tetra(tridecyl)-l,l t 3-tris(2-methyl-5-ter1-butyM-hydroxyphe- 
nyl)butane diphosphite, tetra(C 12 -C 15 mixed alkyl)-4,4^isopropylidenediphenyl diphosphite, tetraftridccylK^-butyti- 
denebis(3-methyl-6-tert-burylphenol) diphosphite. Uis(3.5-dMert-butyM hydroxyphenyl) phosphite. tris(mono-di mixed 
nonylphenyl) phosphite, hydrogenated 4.4'-isopropylidenediphenol polyphosphile. bis(octylphenyl)-bis(4,4'-butyli- 
denebis (3-methyl-6-tertbutylphenol)).1.6.hexanediol diphosphite. phenyM^'.isopropyfidenediphenol.pentaerythritol 
diphosphite, bis(2,4-di-tert-butylphenyl)pentaerythritol diphosphite, bis(2.6-di-tert-butyl-4^nethylpheny1)pentaerythri- 
tol diphosphite. tris|4.4 f .isopropy1idenebis(2-ten-butylphenol)) phosphite, phenyldiisodecyl phosphite. di(nonylphenyl) 
pentaerythritol dphosphite. tris(l.3-di-stearoyloxyisopropyl) phosphite. 4.4 , -isopropylidenebis(2-terl-bu1ylpheno0-di 
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(nonylphenyl) phosphite. 9J0^^ydfO-9^xa•1^)hosphaphenanlh^en9-10^xido and tetrakis(2.4^i-tert*utylphenyl)- 

4.4'-biphenylene diphosphite. 

Examples of further employable antioxidants are 6-hydroxychroman derivatives, such as a-. t- and 6-tocopherol 
and mixtures thereof, 2.Mtnethyk 2.5.8-trimethyl- and 2.5.7,84etramethy Substituted derivatives of 2«(4-melhyl-pen- 
s ta*3-eny0-6-hydroxychroman, 2.2J-trimethyt-5-tert^uty1^hydroxychroman t 2,2,S-trimethyl7-lert-buty^yctoxy- 
chroman, 2,2>tnmethyt^tert^uty1^-hydroxchroman and 2,2^methy1-5-tert-bmyl^hydroxychroman. 
As the hydrochtoric acid absorbers, there can be employed mixed saris represented by the formula 

MxAty(OH)2x*3y-2z(A)z-aH 2 0 

io (wherein M is Mg, Ca or Zn; A is an anion other than hydroxyl group; x, y and z are each a positive number, and a is 
0 or a positive number, such as MggAljCOHJ^CC^^HjO, 

M96^ 2 (OH)20 CO 3- 5H 2 O ' 
M&A^OHJ^CO^HjO, 

is Mg^MOHlalCQa^HaO. 

Mg 6 AI 2 (OH) l6 HP0 4 *4H 2 0, 

CaeAyOHj^COa^Hp. 

ZntAyOHhsCOa^Hp, 

Zn^AyOH^SO^Hp, 
20 Mc*AI 2 (OH) 16 S0 3 .4H20and 

M^AyOH^CO^HjO. 

Examples of the light stabilizers include hydroxybenzophenones, such as 2^ydroxy4^ethoxybenzophenone, 
2-hydroxy^<ctoxyberu ophenone, ^^^ihydroxy^-methoxyt^nzophenone and 2.4*dihydroxybenzophenone; ben- 

2S zotriazoles, such as 2-{2 , -hydroxy-3 , 4ert-butyl-5'-rrom^^ 2-{2'-hydroxy-3 , ,5 , -di-tert- 
bmylpheny0-5<hlorobenzotnazole, 2-(2'-hydroxy-5 , ^nethylphenyl)benzotriazole and 2-(2'-hydroxy-3 , .5 , -di-tert.amyl- 
phenyljbenzotriazole; benzoates, such as phenyl salicylate, p-tert-butylphenyl salicylate, 2,4^Mert-butylpheny1-3.5-di- 
tert-bulyW-hydroxybenzoate and hexao^cy^3 l 5^i-tert-butyl-4^ydroxybenzoate; nickel compounds, such as 2,2 , 4hio- 
bis (4-tert-octylphenc4) Ni salt. |2.2 , 4hkx»(4-tert^^henoiatB) r n-butylamine Ni and (3,5^-tert-buiyM-hydroxyben- 

30 zyljphosphonic acid monoethyl ester Ni salt; substituted acryionitriles. such as methyl ft^yano-p-methyl-P-(p-methox- 
yphenyl)acrylate; oxalic acid dianilides. such as N^-ethylphenyl-N-ethoxyphenyloxamide and ^2-6^*^^- 
2-ethoxypheny toxamkte; and hindered amine compounds, such as bis(2,2.6.6-tetramethy W-piperidine)sebacate. poly 
I{(6-(1.1.3.3-tetramethy^ and 
a condensate of 2-(4-hydroxy-2,2.6.5-tetramethyl-1-pipericV)emanoland dimethyl succinate. 

35 Examples of the lubricants include aliphatic hydrocarbons, such as paraffin waxes, polyethylene waxes and poly- 
propylene waxes; hitter tatty acids, such as capric acid, lauric acid, myristic acid, palmitic acid, margaric acid, stearic 
acid, arachicfc acid and behenic acid; metallic salts of these acids, such as lithium salt, calcium salt, sodium salt, 
magnesium salt and potassium salt; aliphatic alcohols, such as palmityl alcohol, cetyl alcohol and stearyl alcohol; 
aliphatic amides, such as capronamkJe, caprytamide, caprinamkJe, teurylamide. myristylamide. palmrtylamkte and 

40 stearylamide; esters of fatty acids and alcohols; and fluorine compounds, such as fluoroalkyfcarboxylic acids or their 
metallic salts and ftuoroalkylsultonic acid metallic salts. 

The above-mentioned additives may be contained in the polypropylene composition in amounts of 0.0001 to 10 
% by weight. 

By the addition of these adcStrves to the polypropylene composition of the invention, molded articles much more 
<5 improved in, lor example, balance between properties, durability, paintabllity. printability, mar or scuffing resistance 
and molding processability can be formed from the composition. 

Tne polypropylene composition of the invention may contain nucleating agents, as described above. 
There is no specific limitation on the nucleating agent used herein, and various nucleating agents conventionally 
known are employable. Of these nucleating agents, prefened are aromatic phosphoric ester salts and dtoenzylidene- 
so sorbitols. 

As the aromatic phosphoric acid ester salts, there can be used compounds represented by the following formula: 
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wherein R 1 is oxygen, sulfur or a hydrocarbon group of 1 lo 10 carbon atoms; R 2 and R 3 may be the same or different 
and are each hydrogen or a hydrocarbon group of 1 to 1 0 carbon atoms; both R 2 , both R 3 , or R 2 and R 3 may be bonded 
together lo form a ring; M is a monovalent to trrvaleni metal atom; and n is an integer of 1 to 3. 

Examples of the nucleating agents represented by the above formula include sodium-2,2*-methylene-bis(4.6-di*t' 
butylphenyl)phosphate, sodium-2 l 2 , -ethylidene-bis(4 1 6-di-t-butylphenyl)phosphate, lrthium-2,2*-methylene-bis(4,6-di- 
t«butylphenyl)phosphate, lilhium-2,2'-ethylidene-bis(4.6-di-t-butylphenyl)phosphate. sodium-2,2 , -ethylidene-bis(4-K 
propyl-6-t-butylphenyl)phosphate, Sthium-2,2 , -methylene-bis(4-methyl-6-t-butylphenyl)phosphale, lithiun>2,2 , *meth- 
ylene-bis(4-ethyl-6-tbutylphenyl)phosphate ( calcium-bis[2.2 , -thiobis{4-methyl-6-t-butylphenyl)phosphate], calcium- 
bi8[2,2'-thk>bis(4-ethyl-6-t-butylphenyl)phosphate), calcium-bis[2,2-thiobis(4 ,6-di-t-butylpheny1)phosphate), magnesi- 
um-bis[2 ( 2'-thbbis(4,6*di-t-butylphenyl)phosphate], magnesium-bis[2,2*-thiobis(4-t-octylphenyt)phosphateJ, sodium- 
2 ( 2'-butyiidene-bis(4 t 6-dimethy!phenyl)phosphate, sodium-2 l 2 4 -butyldene-bis(4 t 6-di-t-bulylphenyl)phosphate, sodi* 
um-2.2*'t-octyhiethylene-bis(4.6-dimethylphenyl)phosphate 1 sodium-2,2*-t-octylmethylene-bis(4.6KJ»-t-butylphenyl) 
phosphate. calcrum-bis{2.2 , -methylene-bis(4,6-dM-butylphenyl}phosphateJ. magnesium-bisI^'-methylenB-bis 
(4,6-di-t-butylphenyl)phosphate), bariun>bis[2 1 2 , -methylene-bis(4 1 6-<fi-t-buty^heny0phosphate). sodium-^'-melhyl- 
ene-bis(4-methyl-6-t-butylphenyI)phosphate. sodium-2.2 , -methylene-bis(4-ethyl-6-t-butytphenyl)phosphate, sodium 
(4,4'-dimethyl-5,6 , -dht-butyl-2 I 2 , -biphenyl)phosphate. cafcium-bis[(4,4 , -dimethyl-6.6*-di-t-butyl-2.2 , *biphenyl)phos- 
phate], soo1um-2^-ethylidene-bis(4-m-butyl-6-t-butytphenyl)phosphate, sodium -2, 2 , -methylene-bis(4,6-dimethylphe- 
nyl)phosphate, sodium-2,2 , -methylene-bis(4,6-diethylphenyl)phosphate, potassium-2,2*-ethylkjene-bis(4,6-di-t-butyl- 
phenyl)phosphate, calcium-bis[2 > 2 , -ethylidene-bis(4 1 6-di-t-butylphenyl)phosphate) l magnesium-bis|2 ; 2 , -elhylidene- 
bis(4,6-di-t-butylphenyl)phosphale], barium-bis[2,2 , -ethylidene-bis(4 I 6-di-t-butylphenyl)phosphate], aluminum-tris 
(2,2 t -methylene-bis(4,6-di-t-butylphenyf)phosphate) and aluminum-tris[2,2*-ethylidene-bis(4,6-dM-butylphenyl)phos- 
phatel. arid mixtures of these compounds. Of these. sc<Jium-2,2 , -nTethylene-bis(4,6<JM^utylphenyl)phosphate is pre- 
ferred. 

As the nucleating agents, the following aromatic phosphoric ester salts can also be used: 



M 



J n 



wherein R 4 is hydrogen or a hydrocarbon group of 1 to 10 carbon atoms; M is a monovalent lo trivalent metal atom; 
and n is an integer of 1 to 3. 

Examples of these compounds include sodium-bis(4-t-butylphenyl)phosphate, sodium-bis{4-melhylphenyl)phos- 
phate. sodium-bis(4-ethylphenyl)phosphate 1 sodiumbis(4-i-propylphenyl)phosphate t sodium-bis(4-t-octylphenyl) 
phosphate. potassiun>bis(4-t-butylphenyl)phosphate, calcium-bis(4-t-butytphenyl)phosphate l magnesium-bis(4-t- 
butylphenyljphosphate, lithium-bis(4*t-butylphenyl)phosphate andaluminum-bis(4-t-butytphenyl)phosphate. and mix- 
tures of these compounds. Of these, sodium-bis(4-t-butylphenyl)phosphate is preferred. 

Further, as the nucleating agent, there can also be used benzylidenesolbitols represented by the formula: 
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wherein R 5 is hydrogen or a hydrocarbon group of 1 to 1 0 carbon atoms. 

10 Examples of these compounds include 1 ,3,2.4-dibenzylidenesorbitol, 1 ,3^)en2yrjdene-2 ( 4-p-methyben2y(idene- 
sorbitol. l^berizylkJene^^-c^thylbenzytidenesorbitot, l,3i>^thylbenzyWene-2.4-benzyWenesorbito!, 1,3^>- 
ethyIbenzylidene-2.4.benzytidenesorbaol. 1 .3-p-methytben2y ndene-2,4-p-ethybenzylidenesorbitol. 1 ,3-p-ethyben- 
zylidene-2.4-p-methylbenzylidenesorbitol. 1,3.2,4-di(p-methyft>enzylidene)sofbitol. 1,3,2;4-di(p-ethylbenzylidene) 
sorbitol, l.a^^-difp-n-propytoenzylideneJsorbHol. 1.3,2,4-di(p-i-propylberuylidene)sorbitol, 1 .3,2.4-di(p-n-butyIbeiv 

is zylidene)sorbitol, 1.3,2.4Kli(p-s-butylbenzylidene)sofbitol. I^^^^itp-t-butytoenzytidenejsorbitol. 1,3,2.4-di(2\4*- 
dimethylbenzylidenejsoroitol. 1 .S^^^ilp^mcwybenzylidenejsorbitol. 1 f 3,2,4<Ii(p^moxyt)en2ytidene)sofbitol. 
l>c^2ylidene-2.4-p^lorobenzylidenesorbrtol t l t 3i>^kxocwzylidene-2,4-benzylio^nesomitol, 1 ,3?-chloroben- 
zylidene-2,4-p-methyben2ylidenesorbftol, l,3i><hloroben2ylidene-2.4-p-ethyt>en2yiidenesoibitoI f l,3-p-methy!ben- 
zyWene-2,4i><hloroben2yfidenesorbitol, l.S^thytbenzylidene^^-p-chlorobenzytidenesorbriol and 1,3,2,4-di(p- 

20 chlorobenzylidenejsorbitol, and mixtures of these compounds. Of these, 1,3,2,4-dibenzylidenesorbitol, 1,3,2,4-di(p- 
melhylbenzylkiene)sorbitoJ, 1 .S^^-dilp-ethylbenzylidene^rbitol. 1 ,3iK*kxcfcenzylidene«2.4-pK^ 
sorbitol, 1,3,2,4-di(p-chlorobenzylidene)sorbaol and mixtures thereof are preferred. 

F urther, nucleating agents which may be used are metallic salt s of aromatic carboxy lie acids and aliphatic carboxylic 
acids. Examples thereof include aluminum benzoate, aluminum p-t-butyfoenzoate, sodium adipate, sodium thiophene- 

2S carboxylate and sodium pyrrolecarboxylato. 

Inorganic compounds such as talc are also employable as the nucleating agents. 

The nucleating agent as described above may be contained in the polypropylene composition of the invention in 
an amount of 0.001 to 10 % by weight, preferably 0.01 to 5 % by weight, more preferably 0.1 to 3 % by weight 

By the addition of the nucleating agent, the crystallization rate of the polypropylene composition can be improved 
30 and the crystal particles can be made smaller in the crystallization process, whereby high-speed molding can be at- 
tained. 

As the other resins which may be added to the composition of the invention, thermoplastic resins or thermosetting 
resins are employable. Examples of such resins include a-oiefin homopolymers such as polyethylene and poly- 
1 -butane, o-olefin copolymers, copolymers of a-olefins and vinyl monomers, modified olefin polymers such as maleic 
35 anhydride-modified polypropylenes. polyamides, polycarbonates, ABS resins, polystyrenes, polyvinyl chlorides, 
polyphenylene oxides, petroleum resins and phenolic resins. 

The polypropylene composition of the invention may lurther contain inorganic filters. Examples of the inorganic 
■ fillers include: 

40 powdery fillers, for example, natural silicic acids or silicates such as fine-powdery talc, kaolinite, cabined clay, 
pyrophyllite, sericite and wollasionite, carbonates such as precipitated calcium carbonate, ground limestone and 
magnesium carbonate, hydroxides such as aluminum hydroxide and magnesium hydroxide, oxides such as zinc 
oxide, zhc white and magnesium oxide, and synthetic silicic acids or silicates such as hydrated calcium silicate, 
hydrated aluminum silicate, hydrated silicic acid and silicic anhydride; 

45 flaky fillers, such as mica; 

fibrous fillers, such as basic magnesium sulfate whisker, calcium tltanate whisker, aluminum borate whisker, se- 
piolite, PMF (Processed Mineral Fiber), xonotofite, potassium titanate and ellestadite; and 
balloon fillers, such as glass balloon and fly ash balloon. 

so Of these fillers, fine-powdery talc is preferably used in the invention. Particularty preferred is fine-powdery tafc 
having a mean particle diameter of 0.2 to 3 um, especially 0.2 to 2.5 urn. 

The tafc desirably contains particles having a mean diameter of not less than 5 pm in an amount of not more than 
10 % by weight, preferably not more than 8 % by weight. 

The mean particle diameter of the talc can be measured by a liquid phase precipitation method. 
55 in the present invention, it is preferable that the talc has a mean aspect ratio (ratio of longitudinal or lateral length 
to thickness) of not less than 3, particularly not less than 4. 

The inorganic fillers, in particular talc may be used with or without surface treatment in the invention. The surface 
treatment can be carried put chemically and physically, tor example, using treating agents such as sitane coupling 
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agents, higher fatty acids, fatty acid metallic salts, unsaturated organic acids, organic trtanates, resin acids and poly- 
ethylene glycols. 

By the use of the surface-treated inorganic fillers such as talc, a polypropylene composition excellent also in weld 
strength, paintability and molding processabilrty can be obtained. 
5 The inorganic filers as mentioned above may be used ii combination. 

If necessary, organic fillers such as high styrenes, lignin and reclaimed rubbers may be used in combination with 
the inorganic fillers. 

The polypropylene composition of the invention described above is excellent in heat resistance and low-temper- 
ature heat-sealing properties as well as r> flextoility and impact resistance. The polypropylene composition can be 
10 favorably used for heat-seatable OPP. injection molded articles, e.g.. container, improved in impact resistance, stretch- 
blow molded articles, containers for retort pouch foods, films and sheets. 

Further, the polypropylene composition of the invention can be applied to other various uses than the above- 
mentioned ones. For example, it can be used for household appliance parts such as housings and tubs of washing 
machines, automobfle interior parts such as trims, interior panels and column covers, automobile exterior parts such 
'5 as fenders, bumpers, side moles, mudguards and mirror covers, and ordinary miscellaneous goods. 

Next, the polypropylene composite film of the invention comprising a layer of the above-mentioned polypropylene 
composition is described in detail. 

Polypropylene composite film 

20 

The polypropylene composite film according to the invention comprises: 

(I) a crystalline polypropylene layer, and 

(II) a layer formed from the polypropylene composition of the present invention, which is laminated on at least one 
surface of the crystalline polypropylene layer (I). 

fl) Crystalline polypropylene layer 

The substrate of the polypropylene composite film of the invention is formed from a crystalline polypropylene (I). 
30 in the present invention, as the crystalline polypropylene, polypropylenes conventionally known as film-forming 

materials can be used, but preferably used is a polypropylene having an isotactic index I.I. (boiling n-heptane-insolubte 
component) of not less than 75 %, preferably 75 to 99 %. 

The crystalline polypropylene preferably has a density of 0.89 to 0.92 g/crrP and a melt index (230 °C) of 0.1 to 
10g/10min. 

3$ Although a homopolypropylene is generally used as the crystalline polypropylene, a propylene random copolymer 
containing units from an olefin other than propylene in a small amount, e.g., not more than 5 % by mol, may be used 
as long as the objects of the invention are not marred. Examples of the other olefins include a-olefins of 2 to 20 carbon 
atoms except propylene, such as ethylene, 1-butene, 1-penlene. 1-hexene, 1-heptene. 1-octene, 1-decene. 1-do- 
decene, 1-hexadecene and 4-methyM-pentene. 

& The crystalline polypropylene used in the invention can be prepared by a conventional process using a known 
solid titanium catalyst component or metaDocene compound catalyst component. 

To the crystalline polypropylene, additives such as heat stabilizers, ultraviolet light absorbers, anti-blocking agents, 
slip agents and antioxidants may be added. 

In the invention, the crystalline polypropylene layer (I) may be either unstretched or biaxialfy stretched. 

(II) Polypropylene composition layer 

The heat-sealing layer of the polypropylene composite film is formed from the polypropylene composition of the 
invention described above. 

*o Among the polypropylene compositions, particularly preferably used to form the heat-sealing layer of the polypro- 
pylene composite film is a composition comprising (A) a polypropylene and (B) a propylene-1-butene random copoly- 
mer, both described below. 

The polypropylene (A) is preferably a crystalline polypropylene containing units from propylene in an amount of 
not less than 90 % by mol. 
s The propylene-1 -butene random copolymer (B) desirably have the following properties: 

(1 ) The copolymer contains units from propylene in an amount of 50 to 95 % by mol. preferably 55 to 93 % by mol. 
more preferably 60 to 90 % by mol, and contains units from 1 -butene in an amount of 5 to 50 % by mol. preferably 
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7 to 45 % by mol. more preferably 1 0 to 40 % by moL 

(2) The intrinsic viscosity (n) is in the range ol 0.1 to 5 dl/g, preferably 0.5 to 4 dl/g. more preferably 1 to 3dl/g. 

(3) The molecular weight distribution (Mn/Mw) is not more than 3, preferably not more than 2.5. 

(4) The randomness parameter B value is in the range of 1 .0 to 1 .5. preferably 1 .0 to 1 .3, more preferably 1 .0 to 1 .2. 
$ (5) The me&ng point Tm. as measured by a differential scanning calorimeter, is in the range of 60 to 140 # C. 

preferably 80 to 120°C, more preferably 90 to HOT. 

(6) The crystallinity, as measured by X-ray cfiff ractometry, is preferably in the range of 1 5 to 65 %, more preferably 
20 to 60%. 

to Further, the propylene- 1 -butene random copolymer may contain regio-irregular units based on 2. 1 -insertions of 
propylene in an amount of not less than 0.05 % 

The polypropylene composition fa forming the heat-sealing layer of the polypropylene composite fifo of the in- 
vention contains th e propylene- 1 -butene random copolymer (B) having the above properties, so that it exhibits excellent 
heat-sealing properties. For example, tf the intrinsic viscosity ft), Le., the above property (2) of the propylene- 1 -butene 
15 copolymer, exceeds 5 dl/g, the moJdabitty of the composition may be reduced and thus it may be difficult to form a 
heat-sealing layer having a desired thickness, e.g.. not more than 50 um If the intrinsic viscosity (n) is less than 0.1 
dl/g, the heat-sealing strength may be towered. 

If the melting point, i.e., the above property (5), exceeds 140 *C, heat-sealing may require high temperatures, e. 
g., not lower than 130 °C. If the melting point fe lower than 60 *C. the low-temperature heat-sealing properties are 
» improved, but the scratch resistance may be lowered and blocking of the resulting films may take place during storage, 
making their practical use hard. 

A propylene -1 -butene random copolymer having a crystallinity of 15 to 65 % is preferred because a nYn of excellent 
low-temperature heat-seaing properties and high blocking resistance can be obtained. If the crystallinity is less than 
15 %, the resulting film may have insufficient scratch resistance and tends to suffer blocking and tackiness. If the 
25 crystallinity is more than 65 %, the tow-temperature heat-sealing properties are not sufficiently improved. 

In the present invention, the propylene- 1 -butene random copolymer which is partially or fully modified with unsatu- 
rated carboxyGc acids or anhydrides thereof can also be used. The modified product of the propylene-1 -butene random 
copolymer is excellent in ove wrapping properties and bond properties to other materials such as metals. 

In the polypropylene composite fikn of the invention, the heat-sealing layer (II) is formed from a polypropylene 
30 composition comprising the polypropylene (A) and the propylene-1 -butene random copolymer (B). and the amounts 
of these components (A) and (B) can be properly determined depending on the purposes. 

In the invention, for example, the heat-sealing layer (II) of the polypropylene composite film may be formed from 
a polypropylene composition which contains the polypropylene (A) in an amount of 5 to 50 % by weight and the pro- 
pylene-1 -butene random copolymer in an amount of 95 to 50 % by weight. 
35 From the polypropylene composition containing the components (A) and (B) in the above-mentioned amounts, 
there can be obtained a polypropylene composite film (1) excellent h not only transparency, tow-temperature heat- 
sealing properties and hot lack properties but also slip properties and mechanical strength such as blocking resistance 
and scratch resistance. ' 

The heat-sealing laynr (II) ol the polypropylene composite film of the invention may also be formed from a poly- 
<o propylene composition which contains the polypropylene (A) in an amount of not less than 50 % by weight and less 
than 90 % by weight and the propylene-1 -butene random copolymer (B) in an amount of not less than 10 % by weight 
and less than 50 % by weight 

From the polypropylene composition containing the components (A) and (B) in the above-mentioned amounts, 
there can be obtained a polypropylene composition film (2) excellent in not only transparency and low-temperature 
heat-sealing properties but also mechanical strength such as blocking resistance and scratch resistance. 

In the polypropylene composite films according to the invention, If the amount of the crystalline polypropylene (A) 
in the polypropylene composition exceeds 90 % by weight, the softening temperature of the film strikingly rises and 
the tow-temperature heat-sealing properties are markedly towered. II the amount thereof is less than 5 % by weight, 
the blocking resistance and the scratch resistance of the film may be lowered. 
so The polypropylene composite film according to the invention comprises the crystalline polypropylene layer (I) and 
the polypropylene composition heat-sealing layer (II), and the heat-sealing layer (II) may be provided on one or both 
surfaces of the crystalline polypropylene layer (I) serving as e substrate. 

In the polypropylene composite Him of the invention, the crystalline polypropylene layer (I), as a substrate may be 
either unstretched, monoaxially or biaxiatly stretched. One or both surfaces of the substrate (I) may be subjected to 
ss corona discharge treatment by a conventional method. 

The composite film of the invention can be obtained from the crystalline polypropylene (I) and the polypropylene 
composition (II) by, for example, the following processes. 
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(1) The crystalline polypropylene (I) and Ihe polypropylene composition (II) are caextruded to form a laminated 
sheet. 

This laminated sheet may be monoaxially stretched in the longitudinal or lateral direction, or may be biaxially 
stretched in the longitudinal and lateral directions separately or simultaneously 

(2) The crystalline polypropylene (I) is melt-extruded to form a film (substrate), on which the polypropylene com- 
position (II) is melt-extruded to form a laminated sheet. 

This laminated sheet may be monoaxially stretched in the longitudinal or lateral direction, or may be biaxially 
stretched in the longitudinal and lateral directions separately or simultaneously. 

(3) The crystalline polypropylene (I) is melt-extruded and monoaxially stretched in the longitudinal or lateral direc- 
tion to lorm a substrate. On the monoaxially stretched substrate, the polypropylene composition (II) is melt-extrud- 
ed, or a film of the polypropylene composition (II) preliminarily formed is laminated. The resulting laminated sheet 
is stretched in the unstretched direction of the substrate. 

(4) The crystalline porypropylene (I) is melt-extruded and biaxially stretched in the longitudinal and lateral directions 
separately or simultaneously to form a substrate. On the biaxially stretched substrate, the polypropylene compo- 
sition (II) is melt-extruded, or a film of the porypropylene composition (II) preliminarily formed is laminated 

(5) A film ol the crystalline polypropylene (I) and a film of the porypropylene composition (II) are laminated together 
with an adhesive. The resulting laminated sheet may be monoaxiafiy stretched in the longitudinal or lateral direction 
or may be biaxially stretched in the longitucfinal and lateral directions separately or simultaneously. 

In the polypropylene- composite Him according to the invention, the layer of crystalline porypropylene (I) has a 
thickness of 5 to 200 urn, preferably 10 to 60 urn, and the layer ol polypropylene exposition (II) has a thickness of 
0. 1 to 50 urn, preferably 0.5 to 20 urn 

In the composite film of the invention, when the substrate made of the crystalline polypropylene (I) is stretched 
the stretch ratio in the longitudinal direction is in the range ol 3 to 7 limes, preferably 4 to 6 times, and the stretch ratio* 
in the lateral direction is in the range of 3 to 1 2 times, prelerably 6 to 1 0 times. 

EFFECT OF THE INVENTION 

The polypropylene composition according to the invention is excellent in heat resistance and low-temperature 
heat-sealing properties as welt as in flexibility and impact resistance. The porypropylene composition can be favorably 
used for heat-sealable OPR injection molded articles such as containers improved in impact resistance, stretch-blow 
molded articles, containers for retort pouch foods, films and sheets. 

Further, the polypropylene composition of the invention can be applied to other various uses than the above- 
mentioned ones. For example, it can be used for household appliance parts such as housings and tubs of washing 
machines, automobie nterior parts such as trims, interior panels and column covers, automobile exterior parts such 
as fenders, bumpers, side moles, mudguards and mirror covers, and ordinary miscellaneous goods. 

The polypropylene composite film of the invention having a heat-sealing layer of the porypropylene composition 
is excellent in heat-sealing properties. Particularly, Ihe film can be heat-sealed in a wide temperature range, in particular 
at low temperatures, and has high heat-sealing strength. Further, even when the polypropylene composite film is stored 
for a tang period of time, its heat-sealing temperature does not change with time, and thus stable heat-sealing operation 
can be assured. 

Furthermore, because of its excellent transparency, scratch resistance and blocking resistance, the polypropylene 
composite film of the invention can be used for high-speed packaging. 

According to the invention, a polypropylene composite film further having good hot tack properties in addition to 
the above-mentioned excellent properties can be formed. 

The polypropylene composite film according to the invention can be favorably used for packaging ol foods fill- 
packaging and fiber packaging. 

EXAMPLE 

The present hvention win be further described with reference to the following examples, but it should be construed 
that the invention is in no way limited to those examples. 

Measurement of properties ol the proovlene-1 -butene random copolymer (B) 

(1) Propylene content and 1-Butene content: 

Determined using 1 3C-NMR. 
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(2) Intrinsic viscosity (tj): 



Measured in decahydronaphthalene at 1 35 *C and expressed by dVg. 
5 (3) Molecular weight distribution (Mw/Mn) : 



Measured in the following manner using GPC-1 SOC produced by Millipore Co. 

A separatory column of TSK-GNH-HT having a diameter of 27 mm and a length of 600 mm was used, and the 
column temperature was set to 140 'C. A mobile phase used was odchlorobenzene (available from Wako Junyaku 
Kogyo K.K.) containing 0.025 % by weight of BHT (available from Takeda Chemical Industries, Ltd.) as an antioxidant 
and a movhg rate was 1 .0 mVmrn. 500 ul of a solution containing 0. 1 % by weight of a sample was introduced into the 
column. A differential refractometer was used as a detector 

With regard to molecular weight standards, polystyrenes available from Toso Co., Lid. were used for Mw < 1,000 
and Mw > 4 x 1 0 6 . and polystyrenes avaflable from Pressure Chemical Co. were used tor 1 ,000 < Mw < 4 x 1 0* 

(4) B value (monomer distribution) 

A homogeneous sample solution of about 200 mg of a copolymer in 1 ml of hexachtorobutadiene was measured 
tor Its ,3 C NMR spectrucm in a sample tube having a diameter of 10 mm under the measuring conditions of usually a 
temperature of 120 •C. a frequency of 25.05 MHz. a spectral width of 1 ,500 Hz, a niter width of 1 ,500 Hz, pulse repetition 
time of 4.2 sec and integrating limes of 2,000 to 5,000. From the spectrum obtahed, P E , P Q and P^ were sought, 
and the B value was calculated using P e , Pq and pQg. 



(5) Melting point (Tm): 

Measured in the following manner using a DSC-7 type measuring device produced by Perkin Efcner Co. About 5 
mg of a sample charged in an aluminum pan was heated to 200 •C, kept at 200 'C for 5 minutes, then cooled to -40 
°C at a rate of 10 °C/min and heated again at a rate of 10 "C/min. to obtain an endothermic curve of the sample. From 
the endothermic curve, the melting point (Tm) was determined. 

(6) Crystallinity: 



Determined by X-ray diff ractometry lor a press sheet having a thickness of 1 .0 mm which was stored lor at least 
24 hours after the press rooking. 

35 

(7) Triad tacticity 



A 13 C-NMR spectrum (tetramethylsilane standard) of a hexachlorobutadiene solution of a sample was measured, 
and a proportion (%) of the area of peaks appeared in the region of 21 .0 to 21 .0 ppm to the total area (100 %) of peaks 
<0 appeared in the region of 1 9.5 to 21 .9 ppm was calculated. 



(8) Proportion of hetero bonds based on 2. 1 -insertions: 



Determined in the aforesaid manner using a ,3 C-NMR spectrum with reference to 'Polymer*. 30. 1350 (1989). 

Polypropylenes and propylene- 1 -butene random copolymers used in Examples 1 to 6 and Comparative Examples 
1 and 2 are described below. 

In the examples and comparative examples, the following polypropytenes prepared using a generaKpurpose solid 
titanium catalyst component were used. 

62 ^ pr<Wtene * 1 : 3 Puisne homopolymer (intrinsic viscosity ft): 2. 9 dVg, DSC melting point: 1 64 *C, crystalfinrty: 

Potypropylene-2 a propylene random copolymer (composition: propylene = 96.4 % by mol. ethylene = 2.1 % by 
mot. 1-outene = 1.5 % by mol. intrinsic viscosity (nj: ^1 dl/g, DSC melting point: 142 *C, crystallhity: 56 %). 

Next, a synthesis example for synthesizing a catalyst component, and preparation examples lor preparing the 
propylene-1 -butene random copolymers (8) using a catalyst component synthesized by the same procedure as in the 
synthesis example are described. The properties of the propylene-1 -butene random copolymers (PBR) obtained in the 
preparation examples are j at forth h Table 2. 
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Synthesis Example 1 

Synthesis of rac^imethvte}lvlene-bsf1-(2"ethvM-phenvlindenvl))2ifConium dichbride 

5 Synthesis ot 3-(2-biphenylyl)-2-ethylpropionic acid: 

To a 500-ml four-necked round flask (equipped with a stirrer, a Dimroth condenser, a dropping funnel and a ther- 
mometer) were introduced 13.46 g (120 mmol) of potassium t-butoxkJe, 100 ml of toluene and 20 ml of N-methylpyr- 
rolidone, and then, in a nitrogen atmosphere, a solution of 20.7 g (110 mmol) of diethyl ethylmalonate in 50 ml of toluene 

10 was dropwise added with heating to 60 °C. After the dropwise addition was completed, the mixture was reacted for 1 
hour at the same temperature, and then, at the same temperature, a solution of 20.27 g (1 00 mmol) of 2-pheny Ibenzyl 
bromide in 30 ml of toluene was dropwise added. After the dropwise adcfition was completed, the mixture was heated 
and re fluxed for 2 hours. The reaction mixture was poured into 200 ml of water, and 2N-HCI was added to adjust pH 
of the mixture to 1 . The organic phase was separated, and the aqueous phase was extracted three times with 100 ml 

15 of toluene. The combined organic phases were washed with a saturated saline solution until the organic phases became 
neutral, followed by drying over anhydrous Na 2 S0 4 . The solvent was removed under reduced pressure to obtain 36.7 
g of an yelbw orange liquid concentrate. 

To a 1 - liter four-necked round flask (equipped with a stirrer, a Dimroth condenser, a dropping funnel and a ther- 
mometer) were introduced 67.3 (1 .02 mol) of potassium hydroxide and 160 ml of a methanol aqueous solution (meth- 

20 anoVwater = 4/1 (v/v)), and then, in a nitrogen atmosphere at room temperature, a solution of the concentrate obtained 
above in 50 ml of a methanol aqueous solution (methanol/water = 4/1 (v/v)) was dropwise added. After the dropwise 
addition was completed, the mixture was heated and refluxed for 4 hours, and then cooled to room temperature, and 
the solid precipitated was filtered. The solid was dissolved in water, and sulfuric acid was added to the solution until it 
became acidic (pH = 1 ). The solution was extracted five times with 100 ml of methylene chloride. The combined organic 

25 phases were dried over anhydrous Na 2 S0 4 , and then, the solvent was removed under reduced pressure to obtain 24.2 
g of a white solid product. 

Subsequently, to a 300-ml three-necked round flask (equipped with a stirrer tip, a Dimroth condenser and a ther- 
mometer) were introduced 24.2 g of the white solid obtained above, 56 ml of acetic acid, 37 ml of water and 13.1 ml 
of concentrated sulfuric acid, and they were refluxed for 6 hours in a nitrogen atmosphere. After the reaction was 
so completed, the acetic acid was distilled off under reduced pressure. 50 ml of water was added, and the mixture was 
extracted three times with 50 ml of methylene chloride. The combined organic phases were washed with 50 ml of a 
saturated saline solution and dried over anhydrous NszS0 4 . Then, the solvent was distilled off under reduced pressure, 
and the residue was purified by silica gel chromatography using a gradient of hexane/ethyl acetate (2/1 -» 1/1, by 
volume) to obtain 1 3.7 g of a white solid (yield: 54 %). The properties of the product thus obtained are described below 

3S 

FD-MS: 254 (W) 
mp.: 91.2- 94.0 °C 
NMR (CDCIa, 90 Hz): 

5 = 0.71 (t.Jr7.2 HZ.3H, CH 3 ); 

40 

1.16- 1.58 (m, 2H); 

2. 32 (bquin, J = 7.0 Hz. 1 H, >CH-); 

2.61 - 2.99 (m, 2H); 

6.89 - 7.47 (m. 9H). 

45 

IR (KBr disk) : 1696 cm' 1 (v^J. 
Synthesis of 3-(2-biphenylyl)-2-ethylpropionyl chloride: 

so To a 1 00-ml three-necked round flask (equipped with a stirrer tip. a Dimroth condenser, a Iherrrometerand a trap 

of NaOH) were introduced- 13.3 g (52.4 mmol) of 3-(2-biphenyryl)-2-ethylpropionic acid and 25.9 ml (355 mmol) of 
thionyl chloride, and they were refluxed for 2.5 hours with heating in a nitrogen atmosphere. After the reaction was 
completed, the unreacted thionyl chloride was distilled off under reduced pressure to obtain 15.2 g of a crude product 
as a yellow orange liquid. This acid chloride was used for the next reaction without further purification. The properties 

£5 of the product thus obtained are described below. 
IR (Neat): 1786 cm*' ( Vc= J. 
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Synthesis of 4-ethyl-2-phenyM*indanone: 

To a 200-ml three-necked round flask (equipped with a slirrer tip. a Dimroth condenser, a dropping lunnel. a ther- 
mometer and a trap ol NaOH) were introduced 8.04 g (60.3 mmol) of anhydrous aluminum chloride and 50 ml of carbon 

5 disuIWe, and then, in a nitrogen atmosphere under ice cooling, a solution of 15.2 g (52.4 mmol) of 3-<2-bphenylyl)- 
2-ethytpropionyJ chloride obtained above in 21 ml of carbon disulfide was dropwise added. After the dropwise addition 
was completed, the ntemal temperature was elevated to room temperature to perform reaction tor 1 hout Then, the 
reaction solution was poured into 200 ml of ice water to decompose the unreacted aluminum chloride and extracted 
twice with 100 ml of ether. The combined organic phases were washed with 100 ml of a saturated NaHCOj aqueous 

io solution and then with 1 00 ml of a saturated saline solution, followed by drying over anhydrous NajSCV The solvent 
was distilled off under reduced pressure, and the residue was purified by silica gel chr<>matography using hexane/ethyl 
acetate (10/1 . by volume) to obtain 10.8 g of the aimed product as a yellow solid (yield: 88 %). The properties of the 
product thus obtained are described below. 

is NMR(CDC»3,90Hz): 

6 = 0.98(1, J = 7.2 Hz, 3H. CHJ; 

1.60 - 2.20 (m,2H); 
2.42 - 2.82 (m. 1H. >CH); 
20 2.80 (dd, J = 3.8 Hz. 1 6.5 Hz. 1 H); 

3.36 (dd. J = 7.6 Hz. 16.5 Hz. 1H); 
7.09-7.91 (m. 8H). 

IR (Neat): 1705 cm* 1 (v^). 

2$ 

Synthesis of 2-e%M-hydroxy^-phenylindan: 

To a 200-ml three-necked round flask (equipped with a stirrer tip. a Dimroth condenser, a dropping tunnel and a 
thermometer) were introduced 0.85 g (22.6 mmol) of sodium boron hydride and 28 ml of ethand. and then in a nit rogen 

30 atmosphere at room temperature, a solution of 10.6 g (45.1 mmol) of 2-ethyW-ptenyl-1-indanone in 20 ml of ethanol 
was dropwise added. After the dropwise addition was completed, the temperature was elevated to 50 *C to perform 
reaction for further 3.5 hours. After the reaction, the mixture was cooled, and acetone was dropwise added to decom- 
pose the unreacted sodium boron hydride. Then, the reaction mixture was concentrated under reduced pressure and 
extracted with 50 ml of water and 50 ml of ether. The organic phase was separated, and the aqueous phase was 

35 extracted twice with 50 ml of ether. The combined organic phases were washed with 100 ml of a saturated saline 
solution and dried over anhydrous NagSO,. Then, the solvent was distilled off under reduced pressure to obtain 10.67 
g of the aimed product (a mixture of two isomers) as a viscous : light yellow liquid (yield: 99 %). The properties of the 
product thus obtained are descrbed below. 

40 NMR (CDCI3, 90 Hz) : 

8=1.02 (t.J = 7.1 Hz. 3H. CHJ; 

1.31 -3.28(m,2H); 

4.86. 5.03 (each d. each J = 6.4 Hz. J = 5.1 Hz. together 1 H. >CHO-); 
4S 7.l0-7.66(m,8H). 

lR (Neat): 3340 cm* 1 (v^). 

Synthesis of 2-ethyl«4-phenylhdene: 

so 

To a 300-ml four-necked round flask (equipped with a stirrer tip, a dropping funnel and a thermometer) were intro- 
duced 9.78 g (41 .3 mmol) of 2-ethyM -hydroxy-4phenylindan, 17.2 ml (123.8 mmol) of triethylamine, 0.25 g (2.1 mmol) 
of 4-dirrelhylaminopyridine and 98 ml of methyleno chloride, and then in a nitrogen atmosphere under ice cooling, a 
solution of 6.4 ml (82.5 mmol) of methanesutfonyl chloride in 6.5 ml of methylene chloride was dropwise added slowly. 
55 After the dropwise addition was completed, the reaction was performed tor further 3.5 hours at the same temperature. 
The reaction mixture was poured into 250 ml of ice water, the organic phase was separated, and the aqueous phase 
was extracted twice with 50 ml of methylene chloride. The combined organic phases were washed with a saturated 
NaHCOa aqueous solution and then with a saturated saline solution, followed by drying over anhydrous NajSCV The 
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solvent was distilled of! under reduced pressure, and the residue was purified by silica gel chromatography using 
hexane to obtain 6.56 g of the aimed product (a mixture of isomers) as a light yellow liquid (yield: 73 The properties 
of the product thus obtained are described below 

5 NMR (CDCI* 90 MHz) : 

8= 1.20 (t. J = 7.6 H2. 3H, CH3); 

2.49 (q. J = 7.6 Hz, 2H): 
3.41 (s, 2H); 
10 6.61, 6.72 (each bs, together 1H); 

7.09 - 8.01 (m, 8H). 

Synthesis of dimethylsilylene*is(2-etriyM-phenylindene: 

To a 200-ml three-necked round flask (equipped with a stirrer tip, a Dimroth condenser, a dropping funnel and a 
thermometer) were introduced 5.0 g (22.8 mmol) of 2-ethyW-phenylindene, 80 mg (0.63 mmol) of copper thiocyanate 
and 50 ml of anhydrous ether, and then in a nitrogen atmosphere under ice cooling, a solution of 15.7 ml (25.1 mmol) 
of n-butyllithium h hexane (concentration: 1.6 M) was dropwlse added slowty. After the drop wise addition was com- 
pleted, the temperature of the mixture was elevated to room temperature to perform reaction for further 1 hour. Tnen, 
*o a solution of 1 .52 ml (12.6 mmol) of dimethyttichtorosilane n 4.5 ml of anhydrous ether was dropwise added slowly 
After the dropwise addition was completed, the reaction was performed for further 1 2 hours at room temperature. The 
reaction mixture was filtered through Celite, and the filtrate was poured into 50 ml of a saturated ammonium chloride 
aqueous solution. The organic phase was separated, and the aqueous phase was extracted with 50 ml of ether. The 
combined organic phases were washed with a saturated saline solution and dried over anhydrous Na^SC)^ The solvent 
was distilled off under reduced pressure, and the residue was separated by silica gel chromatography using a gradient 
of hexane to hexane/methytene chloride (20/1 , by volume) to obtain 4.5 g ol the aimed product (a mixture of two 
isomers) as a light yellow sold (yield: 80 %). The properties of the product thus obtained are described below. 

NMR (CDCIa, 90 Hz) : 
30 $ = -0. 23. -0. 1 7 (each s. together 6H. Si-CH 3 ); 

1.12, 1.19 (each t. each J = 7.4 Hz. together 6H. CH3); 
2.44 (bq. J = 7.4 Hz, 4H); 
3.81 (s, 2H, >CH-Si-); 
35 675 (bs, 2H, 3-H-lnd); 

6.88 - 7.74 (m, 16H). 

Synthesis of rac-dimethylsirylene4)is|l-(2-ethyM-phenylhdenyl))zirconium dichbride: 

40 To a 50-ml three-necked round flask (equipped with a stirrer tip, a bead condenser, a dropping funnel and a ther- 
mometer) were introduced 0.84 g (1.69 mmol) of dimethylsilylene-bis(2-ethyl-4-phenylindene) and 17 ml of anhydrous 
ether, and then at room temperature, a solution of Z25 ml (3.56 mmol) of n-butyllithium in hexane (concentration: 1 .58 
M) was dropwise added slowty. After the dropwise addition was completed, the reaction was performed for further 1 3.5 
hours, the reaction solution was cooled to -70 # C in a dry ice/acetone bath, 0.395 g (1 .69 mmol) of a ZrC^ powder was 

«5 added in portions, and the resulting mixture was stirred overnight Then, the solvent was distilled on at room temperature 
under reduced pressure. 30 ml of methylene chloride was added, and the insoluble maners were filtered off. The filtrate 
was concentrated at room temperature to precipitate a solid which was filtered, washed twice with 3 ml of anhydrous 
elher and dried under reduced pressure to obtain 0.17 g of the aimed product as an orange yellow solid (yield: 15 %). 
The properties of the product thus obtained are described below. 

so 

NMR(CDCl3,90MHz): 
5=1.09 (t, J = 7.3 Hz, 6H, CH3); 

1.34 (s. 6H.Si-CH3); 
55 2.46 (quin. J = 7.3 Hz. 2H); 

2.73 (quin, J = 7.3 Hz, 2H); 
6.96 (s. 2H. 3-H-lnd): 
6.99-7.88 (m. 16H). 
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Preparation Example 1 
Preoaralionof PBR-1 

5 To a 2-liter autoclave thoroughly purged with nitrogen were introduced 900 ml of hexane and 60 g of 1-butene, 
followed by adding 1 mmolof triisobutylarumrnum. After the temperature of the system was elevated to 70 # C, propylene 
was led so that the total pressure became 7 ko/cmZ-G, and 0.30 mmoi of methytaluminoxane and 0.001 mmol (in terms 
of Zr atom) of rac-dimethylsilytene*bis{1 .(2-meihyM-phenylindenyl)l2irconium dichloride prepared in a manner simitar 
to the above synthesis example were further added. The polymerization was performed for X minutes while propylene 

io was continuously ted to keep the total pressure at 7 kg/cm2-G. After the polymerization, the autoclave was released, 
and a polymer was recovered in a large amount ol methanol and dried in vacuum at 110 *C tor 12 hours. 

The amount ol the polymer (propylene-1 -butene random copolymer) obtained was 39.7 g, and the porymerization 
activity was 79 kg-polymer/mmol-Zr-hr. This polymer had a 1-butene content of 26.4 % by mol. an intrinsic viscosity 
(H) of 1.60 dl/g and a melting point of 88.4 °C. The proportion of the hetero bonds based on the Z 1 -insertions was 

15 about 0.02 %. Other properties of the porymer are set forth n Table 2. 

Preparation Example 2 * 
Preparation of PBR-2 

20 

To a Miter autoclave thoroughly purged with nitrogen were introduced 900 ml of hexane and 60 g of 1-butene. 

followed by adding 1 mmol of triisobutylaluminum. After the temperature of the system was elevated to 70 # C, propylene 

was fed so that the total pressure became 7 kgycn^-C. and 0.30 mmol ol methytaluminoxane and 0.001 mmol (in terms 

of Zr atom) of rac-dimethylsirylene-bis{1 -(2-methyM-phenylindenyO)zirconium dichloride prepared in a manner simitar 
2S to the above synthesis example were further added. The porymerization was performed for 30 minutes white propylone 

was continuously fed to keep the total pressure at 7 kg/cn^-G. After the porymerization, the autoclave was released. 

and a porymer was recovered in a large amount of methanol and dried in vacuum at 110 f C for 12 hours. 

The amount ol the porymer (propylene-1 -butene random copolymer) obtained was 45.2 g. and the porymerization 

activity was 90 kg-potymer/mmol-Zr.hr. This polymer had a 1-butene content of 20.2 % by mol. an intrinsic viscosity 
30 ( n ) of 1.90 dUg and a melting point ol 101.5 °C. The proportion of the hetero bonds based on the 2,1 -insertions was 

about 0.02%. 

Preparation Example 3 
3B Preparation of PBR-3 

To a 2-liter autoclave thoroughty purged with nitrogen were introduced 950 ml of hexane and 30 g of 1-butene. 
followed by adding 1 mmolof triisobutylaluminum. After the temperature of the system was elevated to 70 °C. propylene 
was fed so that the total pressure became 7 kg/cnr^-G. and 0.30 mmol ol methytaluminoxane and 0.001 mmol (in terms 
to of Zr atom) of rac-drmethylsilylene-bis{1-(2-metty^ prepared in a manner similar 

to the above synthesis example were further added. The polymerization was performed for 30 minutes while propylene 
was continuously ted to keep the total pressure at 7 kg/cm*-G. After the polymerization, the autoclave was released, 
and a polymer was recovered in a large amount of methanol and dried in vacuum at 110 °C for 12 hours. 

The amount of the porymer (propylene-1 -butene random copolymer) obtained was 52. 1 g, and the polymerization 
<5 activity was 104 kg-porymer/rnrnol-Zr-hr. This polymer had a 1 -butene content of 1 3.9 % by mol an intrinsic viscosity 
(n) of 2.51 dl/g and a melting point of 116.3 *C. The proportion of the hetero bonds based on the 2,1 -Insertions was 
about 0.02%. 

Comparative Preparation Example 1 

so 

Preparation of PBFM 

To a 2-liter autoclave thoroughly purged with nitrogen were introduced 830 mt of hexano and 100 g of 1-buteno. 
followed by adding 1 mmol of triisobutylaluminum. After the temperature of the system was elevated to70 # C. propylene 
ss was ted so that the total pressure became 7 kg/cn^-G, and 1 mmol of triethytaturninum and 0.005 mmol (in terms of 
Ti atom) of a titanium catalyst supported on magnesium chbride was added. The polymerization wao performed for 
30 minutes while propylene was continuously led to keep the total pressure at 7 kgfcm^-G. After the porymerization. 
the autoclave was released, and a polymer was recovered in a large amount of methanol end dried in vacuum at 110 
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°C for 12 hours. 

The amount of the polymer (propylene- 1-bulene random copolymer) obtained was 33.7 g. and the polymerization 
activity was 14 kg^porymer/mmol-Zr-hr. This polymer had a 1-butene content of 25.3 % by mol. an intrinsic viscosity 
(n) ol 1.89 dl/g and a melting point of 110.0 'C. The proportion of the hetero bonds based on the 2 1 -insertions was 
s lower than the limit of detection. 

Table 2 







1-Butene 

content 

(mol%) 


Intrinsic 
viscosity 
(D (ctfg) 


DSC 
melting 
poht CC) 


Crystallinrty 
(%) 


Stereo- 
regularity 


Mw/Mn 


B value 


Prep. Ex.1 


PBR-1 


13.9 


2.51 


116.3 


56 


100 


1.9 


1.0 


Prep. Ex.2 


PBR-2 


20.2 


1.90 


101.5 


50 


100 


2.0 


1.0 


Prep. Ex.3 


PBR-3 


26.4 


1.60 


88.4 


40 


100 


2.0 


1.0 


Com. 
Prep. Ex.4 


PBR^ 


25.3 


1.89 


110.0 


46 


100 


3.5 


0.94 



w 
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20 



2S 



30 



3S 



40 



45 



SO 



ss 



PBR ... Propylene- 1-butene random copolymer 
Examples j • 6 

The polypropylene- 1 was melted in an extruder, then extruded through a T-die at a resin temperature of 250 *C 
and cooled to be hardened into a sheet. The sheet was passed through heated rolls to stretch it in ihe longitudinal 
direction until the stretch ratio became 5 times. Thus, a monoaxiaily stretched sheet of polypropylene-1 (crystalline 
polypropylene) was formed. 

On one surface of the monoaxiaily stretched sheet of crystalline polypropylene as a substrate, a layer of each 
polypropylene composition shown in Table 3 was lamnated in the following manner. 

The polypropylene composition shown in Table 3 was melt kneaded in a different extruder, and a film of the molten 
composition extruded through a different T-die at a resin temperature of 230 °C. to laminate the film on the substrate. 
The resulting laminated sheet was continuously passed in a heated tenter to stretch it in the lateral direction until the 
stretch ratio became 10 times. Thus, a laminated film consisting of a biaxially stretched substrate (thickness: 22 urn) 
made of crystalline polypropylene and a monoaxiaily stretched layer (thickness: 3 urn) made of polypropylene compo- 
sition was obtained. 

The laminated film obtained was evaluated in the following manner, and Ihe results are set forth in Table 3. 

(1) Heat-sealing strength 

The laminated film obtained in each example was used as a sample. 

Two laminated films each formed from the polypropylene composition and the stretched homoporypropylene were 
superposed one upon another in such a manner that the polypropylene composition sides faced each other, and they 
were heat-sealed at various temperatures tor 1 second under a pressure of 2 kg/cm 2 by means of a seal bar having 
a width of 5 mm and then allowed to stand for cooling. 

Each of the resulting heat-sealed laminate was cut to give a specimen having a width of 15 mm. and the heat- 
sealed portion of Ihe specimen was peeled at a cross head speed of 20 mm/min to measure the peel strength. A heat- 
sealing temperature at which a peel strength value of 300 g/15 mm was produced was taken as a lowest effective heat- 
seatable temperature. 

(2) Haze 

A film formed in accordance with ASTM D1003 was aged for one day at 50 *C in an air oven. The haze values 
before and after the aging were measured. 

(3) Slip properties 

A film formed in accordance with ASTM D1894 was aged for one day at 50 *C in an air oven. The static and khetic 
coefficients of friction before and after the aging were measured. 
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(4) Booking resistance 

Evaluated in accordance wilh ASTM 01893. A film sample for measuring the heal-seaSng strength (1 ) was cut to 
give a specimen having a width ol 10 cm and a length of 15 cm. Two of the specimens were superposed in such a 
5 manner that the polypropylene composition sides laced each other, and they were interposed between two glass plates. 
The specimens with the glass plates were allowed to stand in an air oven at 50 *C wilh applying a bad of 10 kg. After 
one day, the specimens were taken out. and the peel strength was measured by a universal testing machine. The peel 
strength per 1 cm was taken as a value of the btockhg resistance. 

io Comparative Examples 1 - 2 

A laminated film was obtained in the same manner as in Example 1 except that the polypropylene composition 
shown in Table 3 was used. The results are set forth in Table 3. 
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Table 3 





Composition 
(weight ratio) 


Lowest effective 
heat-sea table 
temp. CO 


Haze (%) 


SJp properties * 


Btockhg resistance 
(gfcm) 


Ex.1 


PBR-1/PP-2 
(75/25) 


110 


0.8 


i 0.28/0.28 


0.1 


Ex.2 


PBR-2/PP-2 
(75/25) 


100 


0.6 


0.32/0.31 


0.2 


Ex.3 


PBR-3/PP-2 
(75/25) 


88 


1.4 


0.99/0.51 


0.9 


Comp. Ex. 1 


PBR-4/PP-2 
(75/25) 


100 


1.7 


3.23/1.02 


2.6 


Ex.4 


PBR-1/PP-2 
(50/50) 


118 


. 0.6 


0.29/0.29 


0.1 


Ex.5 


PBR-2/PP-2 
(50/50) 


108 


0.5 


0.34/0.30 


0.2 


Ex.6 ; 


PBR-3/PP-2 
(50750) 


95 


0.8 


0.27/0.27 


0.4 


Comp. Ex. 2 


PBR-4/PP-2 
(50750) 


105 


2.5 ; 


0.37/0.32 


0.8 



40 PP...Po»yp»opytei» 

' Static friction coeJDdenttinetic friction confident 



The properties of the propylene composite films obtained in the following examples were measured in the manner 
described below. 

45 

(1) Haze 

Measured in accordance wilh ASTM D1003. 

(2) Change of haze with time 

The composite film was kept at B0 # C for 3 days and allowed to stand lor cooling. Then, the haze was measured 
so n the same manner as in the measurement (1 ). 

(3) Glossiness 

Measured in accordance with ASTM 0523. 

(4) Tear strength (Etmendorf tear strength) 
Measured in accordance with ASTM D1922. 

55 (5) Slip properties 

Measured in accordance with ASTM 01 894. 
(6) Change of sfip properties wilh time 

The composite film was kept at 40 *C for one week and allowed to stand for cooling. Then, the sip properties 
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were measured in the same manner as in the measurement (5). 
(7) Blocking resistance 

Measured in accordance with ASTM D1893. 
(B) Change of blocking resistance with time 
s The composite film was kept at 50 °C (or one week and allowed to stand tor cooling. Then, the blocking 

tendency was measured in the same manner as in the measurement (7). 

(9) Heat-sealing strength 

Two of the composite films were superposed one upon another in such a manner that the polypropylene 
composition layers (II) faced each other, and they were heat-sealed at various temperatures shown in Table 4 for 
w 1 second under a pressure of 2 kg/cm 2 by means of a seat bar having a width of 5 mm and then allowed to stand 
for cooling. 

The sample thus heat-sealed at each temperature was cut to give a specimen having a width of 15 mm. The 
heat-sealed portion of the specimen was peeled at a cross head speed of 300 mm/min to measure the peel strength. 

(10) Hot tack properties 

is Two composite films were superposed one upon another in such a manner that the polypropylene composition 

layers (II) faced each other, and they were heal-sealed at various temperatures shown in Table 4 fa 1 second 
under a pressure of 2 kg/cm 2 . Then, a peeled distance in the heat-sealed portion was measured under a load of 
45 g. 

20 Preparation Example 5 , 
Preparation of PBR-5 

To a 2-liter autoclave thoroughly purged with nitrogen were introduced 900 ml of hexane and 60 g of 1-butene, 
2$ followed by adding 1 mmol of triisobutylaluminum. After the temperature of the system was elevated to 70 °C. propylene 
was fed so that the total pressure became 7 kc/cm 2 ^, and 0.30 mmol of methylaluminoxane and 0.001 mmol (in terms 
of Zr atom) of the rac-dimethylsilylene-bis{1-(2-methyl-4-phenylindenyl))zirconium dichtoride were further added. The 
polymerization was performed for 30 minutes while propylene was continuously fed to keep the total pressure at 7 
kg/cmS-G. After the polymerization, the autoclave was released, and a polymer was recovered in a large amount of 
30 methanol, and dried in vacuum at 1 10 6 C for 1 2 hours. 

The amount of the polymer obtained was 39.7 g. and the polymerization activity was 79 kg-polymer/mmol-Zr-hr. 
This polymer (propylene- 1-butene random copolymer) had a 1-butene content of 24 % by mol. an intrinsic viscosity 
(il) of 1 .63 dl/g and a melting point of 92 °C. The properties of (his polymer are set forth in Table 4. 

3* Preparation Examples 6 - 7 

Propylene- 1 -butene random copolymers shown in Tables 4 and 5 were obtained in the same manner as in Prep- 
aration Example 5 except that the amounts of hexane. 1 -bulene and propylene were varied. 

40 Comparative Preparation Example 8 

To a 2* liter autoclave thoroughly purged with nitrogen were introduced 830 ml of hexane and 100 g of 1 -butene, 
followed by adding 1 mmol of triisobutylaluminum. Arte r the temperature of the system was elevated to 70° C. propylene 
was fed so that the total pressure became 7 kg/cn^-G. and 1 mmol of triethytaluminum and 0.005 mmol (in terms of 
4$ Ti atom) of a titanium catalyst supported on magnesium chloride were further added. The polymerization was performed 
for 30 minutes while propylene was continuously fed to keep the total pressure at 7 kg/cm^-G. After the polymerization, 
the autoclave was released, and a polymer was recovered in a large amount of methanol and dried in vacuum at 110 
•C for 12 hours. 

The amount of the polymer obtained was 33.7 g, and the polymerization activity was 14 kg-polymer/mmol-Zr-hr. 
so This polymer had a 1 -butene content of 23 % by mol, an intrinsic viscosity of 1.91 dl/g and a melting point of 

1 10 °C. The properties of this polymer are set forth in Tables 4 and 5. 

Examples 7 - 9 

55 A rx>moporypropylene (I) having an isotactic index (I.I.) of 96 % and a melt index of 1.5 was molded into a sheet 

at 240 °C and stretched at 140 °C in a stretch ratio of 5 times in the longitudinal direction. 

The sheet thus obtained was used as a substrate. On one surface of the substrate, a layer of the following poly- 
propylene composition (II) was laminated. 



33 

BNSCOOO: «EP__C716121A1_L> 



EP 0 716121 A1 



15 



20 



100 Parts by weight of a mixture consisting of 25 % by weight of pellets of a random polypropylene having an 
isotactic index (I.I.) of 96 %, a melt index (230 °C) of 6.5 and a melting point of 140 *C and 75 % by weight of pellets 
of the propylene-1-butene random copolymer (B) (PBR) prepared above was mixed with 0. 1 part by weight of an anti- 
blocking agent and 0.16 part by weight of a slip agent The resulting mixture, i.e., the polypropylene composition (II) 
was melted in an extruder and then extruded on the substrate at 200 *C to form a laminated sheet. 

The laminated sheet was stretched at 1 70 *C in a stretch ratio of 10 limes in the lateral direction and then cooled 
with substantially maintaining the stretched state. 

Thus, a biaxially stretched composite film consisting of a layer of the homopolypropylene (I) (substrate) having a 
thickness of 22 urn and a layer of the polypropylene composition (II) (heat-seating layer) haviig a thickness of 3 urn 
was obtained. The results are set forth in Table 4. 

Comparative Example 3 

A composite film was obtained in the same manneras in Example 7 except that in the preparation of a polypropylene 
imposition, the propylene-1 -butene random copolymer obtained in Comparative Preparation Example 8 was used in 
place of the propylene-1-butene random copolymer (B) obtained in Preparation Example 5. The resufts are set forth 
in Table 4. 

Examples 10- 12 

A rwmopolypropylene (I) having an isotactic index (I.I.) of 96 % and a melt index of 6.5 was melted and fed to a 
composite film-forming die at a resin temperature of 240 *C. 

Separately, in a different exlruder, 100 parts by weight of a mixture consisting of 25 % by weight of pellets of a 
random polypropylene having a melt index (230 6 C) of 6.5 and a melting point of 1 40 *C and 75 % by weight of pellets 
of the propylene-1-butene random copolymer (B) (PBR) prepared above was mixed with 0.1 part by weight of an anti- 
blocking i agent and 016 part by weight of a slipagent. and they were melted in the extruder. The resulting polypropylene 
composition (II) was fed to the above-mentioned composite film-forming die at a resin temperature of 200 *C. 

The homopolypropylene (I) andthe polypropylene composition (II) were simultaneously extruded through the com- 
posite film-forming c5e, to obtain a composite film consisting of a layer of the homopolypropylene (I) (substrate) having 
a thickness of 45 urn and a layer of the polypropylene composrtcn (II) (heat-sealing layer) haviig a thickness of 5 urn 
The results are set forth in Table 4. 

Comparative Example 4 

A composite film was obtained h the same manner as in Example 10 except that the propylene-1 -butene random 
copolymer obtained in Comparative Preparation Example B was used in place of the propylene-1 -butene random co- 
polymer (B) obtaned in Preparation Example 5. The results are set forth in Table 4. 
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s 




Ex. 7 


Comp.Ex.3 


Ex. 8 


Ex. 9 




(B) PBR 


PBR-5 
(Prep. Ex. S) 


PBR-8' 

(Corp. Prep. Ex. 8 


PBR-6 
I (Prep. Ex. 6) 


PBR-7 
(Prep. Ex. 7) 


10 


(1) Propylene content 
<mol%> 

1-Butene content 
(molt) 


76 
24 


77 
23 


81 
19 


85 
15 


IS 


(2) Intrinsic 
viscosity (r\) 
<<tf/g) 


1.63 


1.91 


1.65 


1.67 




(3) Mv/Mn 


2.05 


3.40 


2.10 


2^18 


so 


(4) B 


value 


1.00 


0.92 


1.02 


1.03 




(5) Tm (*C> 


92 


110 


103 


110 




(6) C 


rystaliinity (%) 


40 


48 


49 


53 


25 


Corrpo- 


(A) Polypro- 
pylene (wt%) 


25 


25 


25 


25 




sition 


(8) PBR <wt%) 


75 


75 


75 


75 


30 


mick- 


(I) Substrate 
(Mm) 


4\4\ 




22 


22 


35 


nmaa 


(II) Heat- 
sealing 
layer l\m) 


3 


3 


3 


3 




(1) Haze <%) 


1.4 


1.7 


0.6 


0.8 




(2) Change of haze 
with time <%) 


1.1 


2.9 


1.0 


1.0 


40 


(3) Glossiness <%) 


115 


112 


128 


126 




(4) Slip properties 
/static friction 


1.0 


3.2 


0.3 


0.3 


45 


/kinetic friction 


0,5 


1.0 


0.3 


0.3 




(5) Slip properties 
with time | 
/static friction 


0.6 


* 

1.6 


0.3 


0.3 


50 


/kinetic friction 


0.4 


0.7 


0.3 


0.3 
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TAhlP 4-Ifronrinued) 



5 




Ex. 7 


Comp.Ex.3 


Ex. 8 


Ex. 9 




(B) PBR 


PBR-5 
(Prep. Ex. S) 


PBR-8 

<Conp.Pr*p.Ex.fl) 


PBR- 6 
(Prep. Ex. 6) 


PBR-7 
(Prep. Ex. 7) 


10 


Blocking resistance 
• (g/cno 


1.9 


2.6 


0.2 


0.1 




(7) Blocking resistance 
with tine (g/cm) 


3.0 


7.0 


0.0 


0.0 


15 
20 
25 


(8) Heat-sealing 
strength 
(g/15 ran) 

85°C 
90°C 
95°C 
100°C 
105°C 
U0°C 
115°C 
120°C 


40 
480 
630 
550 
730 
520 
520 


20 
50 
130 
480 
570 
570 
520 


90 
300 
540 
440 
440 
470 


20 
320 

CJIA 

540 
5D0 


30 
35 


(9) Hot tack 

properties (mm) 
95°C 
100°C 
105°C 
110°C 
115°C 
120°C 
125°C 
130°C 
135°C 
140°C 


300 
32 
15 
8 
7 
6 
7 
8 
7 
7 


300 
230 
120 
63 
27 
13 
18 
16 
15 
18 


300 
120 
25 
10 
8 
6 
6 
7 


300 
120 
42 
12 
5 
6 
5 



i 

40 



45 



50 



55 
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5 




Ex. 10 


Comp.Ex.4 


Ex. 11 


Ex. 12 




(B) PBR 


PBR- 5 
(Prep. Ex. 5) 


PBR-8 
(Corp. Prep. Ex. B 


PBR- 6 
I (Prep. Ex. 6) 


PBR-7 
(Peep. Ex. 7) 


10 


(1) Propylene content 
(raol%) 

1-Butene content 
(moll) 


76 
24 


77 
23 


81 
19 


85 
15 


is 


(2) Intrinsic 
viscosity (nj 
(d//g) 


1.63 


1.91 


1.65 


1.67 




(3) Mw/Mn 


2.05 


3.40 


2.10 


2.18 


20 


(4) B 


value 


1.00 


j 0.92 


1.02 


1.03 




(5) Tro (°C) 


92 


110 


103 


110 




{6) Crystallinity {%) 


40 


48 


49 


53 


2$ 




(A) Polypro- 
pylene (wt%) 


25 


25 


25 


25 




3 it ion 


(B) PBR (wt%) 


75 


75 


75 


75 


30 


rhick- 


(I) Substrate 
(Jim) 


HO 




A C 

45 


45 


r 

35 




(II)Heat- 
sealing 
layer (pin) 


5 


5 


5 


5 




(1) Haze (%) 


1.8 


2.1 


4.2 


2.1 | 




(2) Change of hare 
with time (\) 


2.0 


10.2 


4.0 


2.1 


40 


(3) Glossiness (%) 


118 


114 


98 


114 




(4) Slip properties 
/static friction 


0.2 


not slipped 


0.2 


0.2 


45 


/kinetic friction 

(5) Slip properties 
with time 
/static friction 


0.2 


not slipped 

* 


0.2 


0.1 


50 


/kinetic friction 
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Ex. 10 


Comp.Ex.4 


Ex. 11 


Ex. 12 


(B) P3R 


PBR-5 
(Prep. Ex. 5) 


PBR-8 

(Coop. Prep. Ex. 8) 


PBR-6 
(Prep. Ex. 6) 


PBR-7 
(Prep. Ex. 7) 


(6) Blocking resistance 
(g/cm) 


1.7 


2.4 


0.3 


0.4 


(7) Blocking resistance 
with time (g/cm) 


1.0 


4.6 


0.0 


0.5 


(8) Heat-sealing 
strength 
(g/15 mm) 

80°C 
90°C 
100°C 
110°C 
120°C 
130°C 
140°C 
150°C 
160°C 
170°C 


30 
130 
800 
1650 
1720 
1730 
2070 


140 
1270 
1790 
2080 
2300 
1940 
2200 
2100 


50 
590 
1570 
440 
440 
470 
440 
440 
470 


20 
320 
540 

e A A 

500 
320 
540 

. 500 


(9) Hot tack properties 
(mm) 

100°C 
110°C 
120°C 
130°C 
140°C 
150°C 
160°C 
170°C 


300 
130 
25 
20 
20 
50 
60 


300 
220 
120 
50 
40 
55 
50 


300 
140 
30 
20 
20 
40 
60 


300 
220 
30 
20 
20 
40 
50 



40 

Examples 13 > 14 

A homoporypropylene (I) having an isotactic index (11) of 96 % and a melt index of 1 .5 was molded into a sheet 
at 240 °C and stretched at 1 40 9 C in a stretch ratio of 5 times in the longitudinal direction. 
« The sheet thus obtained was used as a substrate. On one surface of the substrate, a layer of the lollowrig poly- 
propylene composition (If) was tamnated 

100 Parts by weight of a mixture consisting of 75 % by weight of pellets of a random polypropylene having an 
isotactic index (I.I.) of 96 %, a melt index (230 *C) of 6.5 and a melling point of 1 40 °C and 25 % by weight of pellets 
of the propylene-1 -butene random copolymer (B) (PBR) prepared above was mixed with 0. 1 part by weight of an anti- 
so blocking agent and 0.16 part by weight of a sip agent The resulting mbrture, i.e.. the polypropylene composition (II), 
was melted in an extruder and then extruded on the substrate at 200 9 C to form a laminated sheet. 

Then, the laminated sheet was stretched at 170 # C ri a stretch ratio of 10 limes in the lateral direction and then 
ceded while substantially maintaining the stretched state 

Thus, a biaxtally stretched composite film consisting of a layer of the homopofypropylene (I) (substrate) having a 
55 thickness of 22 \trr\ and a layer of the polypropylene composition (H) (heat-sealing layer) havhg a thickness of 3 um 
was obtained. The resul s are set forth in Table 5. 
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Comparative Example 5 

A composite film was obtained in the same manner as in Example 13 except that in the preparation ot a polypro- 
pylene composition, the propylene-1 -butene random coporymer obtained in Comparative Preparation Example 8 was 
5 used in place ot the propylene-1 -butene random coporymer (B) obtained in Preparation Example 5: The results are 
set forth in Table 5. 

Examples 15-17 

A homopolypropylene (I) having an isotactic index (I.I.) of 96 % and a melt index of 6.5 was melted and fed to a 
composite film-forming die at a resin temperature of 240 °C. 

Separately, in a different extruder, 100 parts by weight of a mixture consisting of 75 % by weight of pellets of a 
random polypropylene having a melt index (230 *C) of 6.5 and a melting point of 140 *C and 25 % by weight of pellets 
of the propylene-1 -butene random copolymer (B) (PBR) prepared above was mixed with 0. 1 part by weight of an anti- 
blocking agent and 0. 16 part by weight of a slip agent, and they were melted in the extruder. The resulting polypropylene 
composition (II) was fed to the above-mentioned composite film-forming die at a resin temperature of 200 "C. 

The homopolypropylene (i) and the polypropylene composition (II) were simultaneously extruded through the com- 
posite film-forming die, to obtain a composite film consisting of a layer of the homopolypropylene (I) (substrate) having 
a thickness ot 45 urn and a layer of the polypropylene composition (II) (heat-sealing layer) havhg a thickness of 5 Mm. 
The results are set forth in Table 5. 

Comparative Example 6 

A composite film was obtained in the same manner as in Example 15 except that the propylene-1 -butene random 
copolymer obtained in Comparative Preparation Example 8 was used in place of the propytenc-1 -butene random co- 
porymer (B) obtahed in Preparation Example 5. The results are set forth in Table 5. 
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Ex. 1 J 


uomp • da . j 


Ex 14 


(B) PBR 


PBR-5 
(Prep. Ex. S) 


PBR- 8 
(Conp.Pr»p.Ex.8) 


roK— 0 
(Prep. Ex. 6) 


(1) Propylene content 
(moll) 

1-Butene content 
(mol%) 


76 
24 


77 
23 


81 
19 


(2) Intrinsic 
viscosity 
<Tl> idt/g) 


1.63 


1.91 


1.65 


(3) Mw/Mn 


2.05 


J. 4U 


l • 1U 


(4) B value 


1.00 


0.92 


1.02 


(5) Tm ( P C) 


92 


110 


103 


(6) Crystallinity (%> 


40 






Ccarpo- 
s It ion 


(A) Polypro- 
pylene (wt%) 

(B) PBR (wt%) 


75 
25 


25 


75 
25 


rhick- 


(X) Substrate 

im 


22 


22 


22 




(XX)Heat- 
sealing 
layer (pm) 


3 


3 


3 


(1) H 


are (%) 


1.7 


1.5 


1.9 


(2) Change of haze 
with tine (%) 


1.4 


1.2 


1.6 


(3) Glossiness (%) 


122 


123 


122 


(4) Slip properties 
/static friction 


0.3 


0.4 


0.3 


/kinetic friction 


0.3 


'C.4 


0.3 


(5) Blocking tendency 


0.1 


0.3 


0.1 


(6) Blocking tendency 
with time (g/cm) 


0.3 


0.6 


0.3 
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Ex. 13 


Comp.Ex.5 


Ex. 14 


(B) PBR 


PBR-5 


PBR- 8 


PBR- 6 




(Pren Ex 5) 


(ComD.Preo.Cx fil 


\rrep.tx. b) 


(7) Heat-sealing 








strength 








(g/15 ttsn) 








100°C 


40 






105 8 C 


100 


50 




110°C 


400 


140 




U5°C 


510 


350 


30 


120°C 


540 


460 


180 


• 125°C 


500 


460 


510 


130 C C 


4 60 


460 


480 


135°C 




470 


480 


140°C 




480 


480 


150 e C 






470 



25 



30 



35 



40 



45 



SO 



55 
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5 




LH. 13 




Ex. 16 


Ex. 17 . 




(B) PBR 


PBR-5 
(Prep. Ex. 5) 


PBR-o 
(Coop.Prtp.Ex.8) 


(Prep. Ex. 6) 


PBR-7 
(Piep.Ex.7) 


10 


(1) Propylene content 
(moll) 

1-Butene content 
(moll) 


76 
24 


77 
23 


81 
19 


85 
15 


15 


(2) Intrinsic 
viscosity 
tdt/g) 


1.63 


1 .91 


1 . 65 


1.0' 




(3) Mw/Mn 


O AC 

2.05 




2.10 


2.18 


20 


(4) B 


value 


1.00 


0.92 


1.02 


1.03 




(5) Tm (°C) 1 


92 


110 


103 


110 




(6) Crystallinity <\) 


A A 


4ft 


49 


53 


2S 


Conjpo - 
jitior 


(A) Polypro- 
pylene (wtl) 

(B) PBR (wt%) 


75 
25 


/ j 

25 


75 
2d 


75 


30 


rhick- 


(I) Substrate 


45 


45 


45 


45 


35 




(11) Heat- 
sealing 
layer (Mm) 


5 


5 


5 


5 




(1) H 


are (%) 


2.4 


2.5 


2.0 


t i 

l . X 


40 


(2) Change of, hare 
with time (%) 


2.0 


2.8 


2.0 


Z.4 




(3) Glossiness <%) 


111 


115 


in 


115 


45 


(4) Slip properties 
/static friction 

/kinetic friction 


0.2 
0.2 


0.3 
0'2 


0.3 
0.2 


0.2 
0.2 


50 


(5) Slip properties 
with time 
/static friction 


0.2 


0.3 


0.2 


0.3 




/kinetic friction 


1.0 


1.5 


0.3 


0.3 
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Ex. 15 


Comp.Ex. 6 


EX. 16 


Ex. 17 


(B) PBR 


PBR-5 
(Prep. Ex. 5) 


PBR- 8 

(Conp. Prep. Ex. 8) 


PBR- 6 
(Prep. Ex. 6) 


PBR-7 
(Prep. Ex. 7) 


(6) Blocking resistance 
(g/cni) 


0.2 


0.3 


0.2 


0.3 . 


(7) Blocking resistance 
with time (g/crn) 


1.0 


1.5 


0.3 


0.3 


(8) Heat-sealing 
strength 
(g/15 ran) 

100 fl C 
110°C 
120°C 
130°C 
140°C 
150°C 
160°C 


10 
160 
1900 
2130 
2090 
2400 


10 
80 
1360 
2380 
2370 
2520 
2360 


20 
100 
1130 1 
2130 
2090 
2400 


20 
80 
900 
2100 
1900 
1890 
1960 



30 



Claims 

1. A polypropylene composition comprising: 



(A) polypropylene in an amount of 5 to 95 % by weight, and 

(B) a propylene-1-butene random copolymer in an amount of 95 to 5 % by weight; 
35 said propy lene-1 -butene random copolymer (B) having the following properties: 

(1) the copolymer contains 50 to 95 % by mol of constituent units from propylene and 50 to 5 % by mol of 
constituent units from 1 -butene; 

(2) the intrinsic viscosity, as measured in decahydronaphthalene at 135 °C, is in the range of 0.1 to 12 dtfg; 

(3) the molecular weight distribution (Mw/Mn), as determined by get permeation chromatography (GPC). is 
to not more than 3; and 

(4) the parameter B value indicating randomness of the coporymerized monomer sequence distribution is in 
the range of 1.0 to 1.5. 

2. A composition according to claim 1 , wherein the polypropylene (A) is a random copolymer of propylene and an 
4 * olefin other than propylene and the polypropylene (A) contains not more than 1 0 % by mol of units from the olefin 

other than propylene. 

3. A composition according to claim 1 or 2 wherein the propy lene-1 -butene random copolymer (B) further has the 
following properties (5) and (6): 

so 

(5) the melting point Tm, as measured by a differential scanning calorimeter, is in the range of 60 to 140 "C, 
and the melting point Tm and the 1 -butene constituent unit content M (% by mol) satisfy the following relation: 

-2.6M ♦ 130 £ Tm -2.3M ♦ 155; and 

ss (6) the crystallinrty C, as measured by X-ray diffractometry, and the 1 -butene constituent unit content M <% by 

mol) satisfy the following relation: 

C*-1.5M + 75. 
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4. A composition according to claim 1. 2 or 3, wherein the parameter B value ol the propylene-1-butene random 
copolymer (8) is in the range ol 1 .0 to 1 .3. 

5. A composition according to any one ot the preceding claims, wherein the propylene-1 -butene random copolymer 
(B) is obtainable using an olefin polymerization catalyst comprising: 

(a) a transition meta! compound represented by the following formula (1 ): 



wherein M is a transition metal of Group IVa, va or via of the periodic table. 

R 1 end R 2 may be the same or diflerent and are each a hydrogen atom, a halogen atom, a hydrocarbon group 
of 1 to 20 carbon atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, a silicon<ontainhg group, 
an oxygen-containing group, a sulfur-containing group, a nitrogen-containing group or a phosphorus-contain- 



R 3 is a hydrocarbon group of 1 to 20 carbon atoms which may be substituted with a halogen atom or a silicon- 
containing group, 

R 4 is a hydrogen atom or an alkyl group ol 1 lo 20 carbon atoms. 

X 1 and X 2 may be the same or different and are each a hydrogen atom, a halogen atom, a hydrocarbon group 
of 1 to 20 atoms, a halogenated hydrocarbon group of 1 to 20 carbon atoms, an oxygenconlatning group or 
a eudur-conlaining group, and 

Y is a divalent hydrocarbon group ol 1 to 20 carbon atoms, a divalent halogenated hydrocarbon group of 1 to 
20 carbon atoms, a divalent sificorvcontaining group, a divalent germanium-containing group, a divalent tin- 
containing group, -0-. -CO. -S-, -SO. -SO,-, Ntf\ -P(R5). -P(Q) (R5)., -BR*, or -AIRS- (R* is a hydrogen 
atom, a halogen atom, a hydrocarbon group of 1 to 20 carbon atoms or a halogenated hydrocarbon group of 
1 to 20 carbon atoms); 



(b-1) an organoalumNum oxy-compound. and/or 

(b-2) a compound capable of reacting with the transition metal compound (a) to form an ion pair, 
and, optionally, 

(c) an organ aaiu nun ium compound. 

6. AccmposftionaccordhgtoclairnS.whereinR 1 is methyl 

7. A composition according to claim 5. wherein R 1 is a hydrocarbon group of 2 to 6 carbon atoms. 

8. A polypropylene composite lilm comprising: 

(I) a crystalfine polypropylene layer, and 

(II) a layer formed from the polypropylene composition as claimed in any one of the preceding cbims which 
layer is laminated on al least one surface of the crystalline polypropylene layer (I). 

9. A film aborting to claim 8. wherein the polypropylene composition layer (II) comprises: 



X 1 X 2 



\ / 

M 




ing group, 
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the polypropylene (A) in an amount of 5 to 50 % by weight, and 

the propylene-1-butene random copolymer (B) in an amount of 95 to 50 % by weight. 

10. A film according to claim 8. wherein the polypropylene composition layer (II) contains: 

5 

the polypropylene (A) in an amount of not less than 50 % by weight and less than 90 % by weight, and 
the propylene- 1-butene random copolymer (B) in an amount of not less than 10 % by weight and less than 50 
% by weight 

'0 11. A film according to claim 8. 9 or 10, wherein the polypropylene (A) is a crystalline polypropylene containing units 
from propylene in an amount of not less than 90 % by mot. 

12. A film accorcSng to any one of claims 8 to 11 wherein the intrinsic viscosity (2) of the propylene-l-butene random 
copolymer (B) is in the range of 0.1 to 5 dl/g. 

15 

13. A film according to any one of claims 8 to 12 wherein the crystalline polypropylene layer (I) is unstrelched. 

14. A film according to any one of claims 8 to 12 wherein the crystalline polypropylene layer (I) is biaxtally stretched. 
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